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PREFACE 


y^  GREAT  deal  of  explanation  would  be  necessary  were  I  to 

Z-\  try  and  justify  why  an  economist  ventures  to  rush  in  where 
JL  JL psychologists  fear  to  tread.  But  this  excursion  into  psycho- 
logy has  little  connexion  with  whatever  competence  I  may  possess 
in  another  field.  It  is  the  outcome  of  an  idea  which  suggested  itself 
to  me  as  a  very  young  man  when  I  was  still  uncertain  whether  to 
become  an  economist  or  a  psychologist.  But  though  my  work  has 
led  me  away  from  psychology,  the  basic  idea  then  conceived  has 
continued  to  occupy  me;  its  outlines  have  gradually  developed, 
and  it  has  often  proved  helpful  in  dealing  with  the  problems  of  the 
methods  of  the  social  sciences.  In  the  end  it  was  concern  with  the 
logical  character  of  social  theory  which  forced  me  to  re-examine 
systematically  my  ideas  on  theoretical  psychology. 

The  paper  in  which  as  a  student  more  than  thirty  years  ago  I 
first  tried  to  sketch  these  ideas,  and  which  Hes  before  me  as  I  write, 
I  was  certainly  wise  not  to  attempt  to  publish  at  the  time,  even 
though  it  contains  the  whole  principle  of  the  theory  I  am  now 
putting  forward.  My  difficulty  then  was,  as  I  had  been  aware  even 
at  the  time,  that  though  I  felt  that  I  had  found  the  answer  to  an 
important  problem,  I  could  not  explain  precisely  what  the  prob- 
lem was.  The  few  years  for  which  I  then  thought  to  put  the  draft 
away  have  become  a  much  longer  period ;  and  it  is  little  likely  that 
the  time  will  still  come  when  I  can  devote  myself  wholly  to  the 
working  out  of  these  ideas.  Yet,  rightly  or  wrongly,  I  feel  that 
during  those  years  I  have  learnt  at  least  to  state  the  nature  of  the 
problem  I  had  been  trying  to  answer.  And  as  the  solution  at  which 
I  then  arrived  seems  to  me  to  be  still  new  and  worth  consideration, 
I  have  now  attempted  this  fuller  exposition  of  what  I  had  clumsily 
tried  to  say  in  my  youthful  effort. 

The  origins  of  this  book,  therefore,  trace  back  to  an  approach  to 
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the  problem  that  was  current  a  full  generation  ago.  The  psycho- 
logy which,  without  much  guidance,  I  read  in  Vienna  in  191 9  and 
1920,  and  which  led  me  to  my  problem,  was  indeed  in  all  essentials 
still  the  psychology  of  before  19 14.  Most  of  the  movements  which 
in  the  interval  have  determined  the  direction  of  psychological 
research  were  then  either  unknown  to  me  or  still  altogether  un- 
heard of:  behaviourism  (except  for  the  work  done  in  Russia  by 
Pavlov  and  Bechterev),  the  gestalt  school,  or  the  physiological 
work  of  such  men  as  Sherrington  or  Lashley.  And  although  dis- 
cussions in  Vienna  at  that  time  was,  of  course,  full  of  psycho- 
analysis, I  have  to  admit  that  I  have  never  been  able  to  derive 
much  profit  from  that  school.  The  main  authors  from  which  I 
derived  my  knowledge  were  still  H.  von  Helmholtz  and  W. 
Wundt,  W.James  and  G.  E.  Miiller,  and  particularly  Ernst  Mach. 
I  still  vividly  remember  how  in  reading  Mach,  in  an  experience 
very  similar  to  that  which  Mach  himself  describes  with  reference 
to  Kant's  concept  of  the  Ding  an  sick,  I  suddenly  realized  how  a 
consistent  development  of  Mach's  analysis  of  perceptual  organiza- 
tion made  his  own  concept  of  sensory  elements  superfluous  and 
otiose,  an  idle  construction  in  conflict  with  most  of  his  acute 
psychological  analysis. 

It  was  with  considerable  surprise  that,  thirty  years  later,  in 
examining  the  literature  of  modern  psychology  I  found  that  the 
particular  problem  with  which  I  had  been  concerned  had  re- 
mained pretty  much  in  the  same  state  in  which  it  had  been  when 
it  first  occupied  me.  It  seems,  if  this  is  not  too  presumptuous  for  an 
outsider  to  suggest,  as  if  this  neglect  of  one  of  the  basic  problems 
of  psychology  were  the  result  of  the  prevalence  during  this  period 
of  an  all  too  exclusively  empirical  approach  and  of  an  excessive 
contempt  for  'speculation'.  It  seems  almost  as  if  'speculation' 
(which,  be  it  remembered,  is  merely  another  word  for  thinking) 
had  become  so  discredited  among  psychologists  that  it  has  to  be 
done  by  outsiders  who  have  no  professional  reputation  to  lose. 
But  the  fear  of  following  out  complex  processes  of  thought,  far 
from  having  made  discussion  more  precise,  appears  to  have  created 
a  situation  in  which  all  sorts  of  obscure  concepts,  such  as  'repre- 
sentative processes',  'perceptual  organization',  or  'organized 
field',  are  used  as  if  they  described  definite  facts,  while  actually 
they  stand  for  somewhat  vague  theories  whose  exact  content 
requires  to  be  made  clear.  Nor  has  the  concentration  on  those 
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PREFACE 
facts  which  were  most  readily  accessible  to  observation  always 
meant  that  attention  was  directed  to  what  is  most  important. 
Neither  the  earlier  exclusive  emphasis  on  peripheral  responses, 
nor  the  more  recent  concentration  on  macroscopic  or  mass  pro- 
cesses accessible  to  anatomical  or  electrical  analysis,  have  been 
entirely  beneficial  to  the  understanding  of  the  fundamental 
problems. 

Since  this  book  is  concerned  with  some  of  the  most  general 
problems  of  psychology,  I  fear  that  to  many  contemporary  psycho- 
logists it  will  appear  to  deal  more  with  philosophical  than  with 
psychological  problems;  but  I  should  be  sorry  if  they  should  regard 
it  for  that  reason  as  falUng  outside  their  province.  It  is  true  that  it 
presents  no  new  facts;  but  neither  does  it  employ  any  hypotheses 
which  are  not  common  property  of  current  psychological  dis- 
cussion. Its  aim  is  to  work  out  certain  implications  of  generally 
accepted  facts  or  assumptions  in  order  to  use  them  as  an  explana- 
tion of  the  central  problem  of  the  nature  of  mental  phenomena. 
Indeed,  if  the  views  generally  held  on  the  subject  are  approxi- 
mately true,  it  would  seem  as  if  something  of  the  kind  here 
described  must  happen,  and  the  surprising  fact  would  seem  that 
so  little  attempt  has  been  made  to  work  out  systematically  these 
consequences  of  existing  knowledge.  Perhaps  such  an  effort  of 
effectively  thinking  through  these  implications  requires  a  combi- 
nation of  quahfications  which  nobody  possesses  to  a  sufficient 
degree  and  which  the  specialist  who  feels  sure  in  his  own  field 
therefore  hesitates  to  undertake.  To  do  it  adequately  one  would 
indeed  have  to  be  equally  competent  as  a  psychologist  and  as  a 
physiologist,  as  a  logician  and  as  a  mathematician,  and  as  a 
physicist  and  as  a  philosopher.  I  need  scarcely  say  that  I  possess 
none  of  these  quahfications.  But  since  it  is  doubtful  whether 
anybody  does,  and  since  at  least  nobody  who  possesses  them  as  yet 
has  tried  his  hand  at  this  problem,  it  is  perhaps  inevitable  that  the 
first  attempt  should  be  made  by  somebody  who  had  to  tiy  and 
acquire  the  necessary  equipment  as  he  went  along.  A  satisfactory 
execution  of  the  thesis  which  I  have  outhned  would  probably 
require  the  collaboration  of  several  speciahsts  in  the  different 
fields. 

The  parts  of  the  problem  on  which  I  feel  tolerably  confident 
that  I  have  something  of  importance  to  say  are  the  statement  of 
the  problem,  the  general  principles  of  its  solution,  and  some  of  the 

vii 


PREFACE 
consequences  which  follow  from  the  latter  for  epistemology  and 
the  methodology  of  the  sciences.  The  sections  of  the  book  with 
which  I  am  therefore  tolerably  satisfied  are  the  beginning  and  the 
end:  Chapters  I  and  II  and  Chapters  VII  and  VIII.  Perhaps  it 
would  have  been  wiser  if  I  had  made  no  attempt  to  implement  the 
programme  outlined  in  the  earlier  chapters,  since  the  central  part 
of  the  book  in  which  this  is  attempted  is  unavoidably  both  more 
technical  and  more  amateurish  than  the  rest.  Yet  it  seemed  impor- 
tant to  illustrate  the  general  principles  stated  in  the  earlier 
chapters  by  some  attempt  at  elaboration,  even  at  the  risk  of  slip- 
ping at  particular  points.  In  some  ways  this  would  not  greatly 
matter:  I  am  much  more  concerned  about  what  would  constitute 
an  explanation  of  mental  phenomena,  than  whether  the  details  of 
this  theory  are  entirely  correct.  Since  we  are  still  in  a  position 
where  we  are  not  certain  what  would  constitute  an  explanation, 
any  theory  which,  if  it  were  correct,  would  provide  one  would  be 
a  gain,  even  if  it  should  not  be  tenable  in  all  respects. 

Even  the  present  version  of  this  book  has  occupied  me  for 
several  years,  and  though  I  have  endeavoured  to  acquaint  myself 
with  the  relevant  literature,  I  am  not  sure  that  I  have  been  able 
fully  to  keep  up  with  current  developments.  It  seems  as  if  the 
problems  discussed  here  were  coming  back  into  favour  and  some 
recent  contributions  have  come  to  my  knowledge  too  late  to  make 
full  use  of  them.  This  applies  particularly  to  Professor  D.  O. 
Hebb's  Organization  of  Behaviour  which  appeared  when  the  final 
version  of  the  present  book  was  practically  finished.  That  work 
contains  a  theory  of  sensation  which  in  many  respects  is  similar  to 
the  one  expounded  here;  and  in  view  of  the  much  greater  technical 
competence  of  its  author  I  doubted  for  a  while  whether  publication 
of  the  present  book  was  still  justified.  In  the  end  I  decided  that  the 
very  fullness  with  which  Professor  Hebb  has  worked  out  the  phy- 
siological detail  has  prevented  him  from  bringing  out  as  clearly  as 
might  be  wished  the  general  principles  of  the  theory;  and  as  I 
am  concerned  more  with  the  general  significance  of  a  theory  of 
that  kind  than  with  its  detail,  the  two  books,  I  hope,  are  comple- 
mentary rather  than  covering  the  same  ground. 

I  owe  a  debt  of  deep  gratitude  to  the  London  School  of  Econo- 
mics and  the  Committee  on  Social  Thought  of  the  University  of 
Chicago  for  giving  me  the  leisure  to  devote  so  much  time  to 
problems  which  lie  outside  the  field  where  my  main  duties  lie.  To 
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my  friends  Karl  R.  Popper  and  L.  von  Bertalanffy  and  to  Professor 
J.  G.  Eccles  I  am  much  indebted  for  reading  and  commenting 
upon  earlier  drafts  of  this  book.  And  without  the  acute  criticism 
of  the  manuscript  by  my  wife  the  book  would  contain  even  more 
obscurities  and  so  slovenly  expressions  than  it  undoubtedly  still 
does. 

F.    A.    HAYEK 


IX 


CONTENTS 

PREFACE  Page  V 

INTRODUCTION  XV 

I.  THE  NATURE  OF  THE  PROBLEM  I 

1.  What  is  Mind?  i-i-i-5 

2.  The  Phenomenal  and  the  Physical  World  1.6-1.21 

3.  Stimulus,  Impulse,  and  the  Theory  of  the 

Specific  Energy  of  the  Nerves  1.22-1.37 

4.  Differences  in  Quality  are  Differences  in  the 

Effects  I-3S-I-55 

5.  The  Unitary  Character  of  the  Sensory  Order     i.^G-i.Gy 

6.  The  Order  of  Sensory  Qualities  not  Confined 

to  Conscious  Experience  1.68-1.74 

7.  The  Denial  or  Disregard  of  Our  Problem  by 

Behaviourism  i.y§-i.8g 

8.  The  'Absolute^   Qualities  of  Sensations  a 

Phantom-Problem  i  .go-i .  loy 

II.  AN  OUTLINE  OF  THE  THEORY  37 

1.  The  Principle  of  the  Explanation  2.i-2.ig 

2.  The  Sensory  Order  in  its  Static  and  in  its 

Dynamic  Aspects  2.20-2.31 

3.  The  Principle  of  Classification  2.32-2.38 

4.  Multiple  Classification  2.3g-2.44 

5.  The  Central  Thesis  2.45-2.51 

III.  THE    NERVOUS    SYSTEM    AS    AN    INSTRUMENT    OF 

CLASSIFICATION  55 

1.  An  Inventory  of  the  Physiological  Data  3. 1-3. 14 

2.  Simplifying    Assumptions    on    which    the 

Operation  of  the  Principle  will  be  Dis- 
cussed 3.15-3.24 

3.  Elementary  Forms  of  Classification  3-25~3-34 

4.  Complex  Forms  of  Classification  3-35~3-5i 

xi 


CONTENTS 

5.  The  Classification  of  the  Relations  Between 

Classes  3-52-3-70 

6.  The  Universal  Character  of  the  Process  of 

Classification:    Gestalt   Phenomena   and 

Abstract  Concepts  3-7i-3-7^ 

IV.  SENSATION    AND    BEHAVIOUR  79 

1.  Sensations  and  the  Organism  ^.1-4.10 

2.  Evolution  and  the  Hierarchal  Order  of  the 

Nervous  System  4.1 1-4.26 

3.  From  Specific  Refiex  to  Generalized  Evalua- 

tion 4.27-4.35 

4.  Proprioception  of  Low-Level  Responses  4.36-4.44 

5.  Postures  and  Movements   Connected  with 

Perception  4.45-4.47 

6.  Patterns  of  Motor  Responses  4.48-4.55 

7.  Biogenic  Needs  and  Drives  4.56-4.63 

8.  Emotions  and  the  James-Lange  Theory  4.64-4.72 

V.  THE    STRUCTURE    OF    THE    MENTAL    ORDER  102 

1 .  Pre-Sensory  Experience  or  ^Linkages''  5. 1-5. 16 

2.  The  Gradual  Formation  of  a  'Map^  Repro- 

ducing Relations  Between  Events  in  the 

Environment  5. 17-5-32 

3.  The  'Map'  and  the  'Model'  5-33-5-49 

4.  Associative  Processes  5.50-5.62 

5.  Mechanical  and  Purposive  Behaviour  5-%~5-7^ 

6.  The  Model-Object  Relationship  5-77-5-9^ 

VI.  CONSCIOUSNESS    AND    CONCEPTUAL    THOUGHT  I32 

1.  Conscious  and  Unconscious  Mental  Processes  6.1-6.7 

2.  Criteria  of  Consciousness  6.8-6.15 

3.  The  Common  Space-Time  Framework  6.16S.21 

4.  Attention  6.22-6.28 

5.  The  Functions  of  Consciousness  6.20-6.32 

6.  'Concrete'  and  Abstract'  6.33-6.43 

7.  Conceptual  Thought  6.44-6.50 

VII.  CONFIRMATIONS    AND    VERIFICATIONS    OF    THE  I47 

THEORY 

1.  Observed    Facts  for    which    the    Theory 

Accounts  7.1-7.^ 

2 .  Older  Theories  Comprised  as  Special  Cases  7. 10-7. 18 

3.  New  Experiments  Suggested  7.10-7.51 

4.  Possibilities  of  Experimental  Refutation  7 -52^7 -5^ 

xii 


CONTENTS 

VIII.  PHILOSOPHICAL    CONSEQ^UENCES  165 

1.  Pre-Sensory  Experience  and  Pure  Empiri- 

cism       _  8.1-8.27 

2.  Phenome7ialism    and    the    Inconstancy    of 

Sensory  Qualities  8. 28-8. ^g 

3.  Dualism  and  Materialism  8.40-8.47 

4.  The  Nature  of  Explanation  8.48-8.^6 

5.  Explanation  of  the  Principle  ^-57-^.6^ 

6.  The  Limits  of  Explanation  8.66-8.86 

7.  The    Division    of  the    Sciences  and  the 

'Freedom  of  the  WilV  8.87-8.g8 


BIBLIOGRAPHY 
INDEX 


204 


XIU 


INTRODUCTION 

by  Heinrich  Kluver 

IT  has  been  said  that  a  philosopher  is  a  man  who  has  a  bad 
conscience  whenever  he  hears  the  word  philosophy.  Nowa- 
days psychologists  no  longer  seem  to  develop  feelings  of  guilt 
when  encountering  the  word  psychology.  This  state  of  affairs  can 
certainly  not  be  accounted  for  by  assuming  that  the  whole  field  of 
psychology  has  suddenly  acquired  the  status  of  a  'science'.  In  fact, 
scientific  progress  in  psychology  within  the  last  generation  accord- 
ing to  some  critics  has  been  deplorable.  A  turn  for  the  better, 
however,  would  not  necessarily  be  achieved  by  eliminating  all 
psychologists.  There  is  no  doubt  that  physiologists,  neurologists, 
psychiatrists,  anatomists,  sociologists,  biologists,  and  workers  in 
other  fields  would  keep  psychology  alive  in  one  form  or  another  if 
psychologists  were  to  disappear  from  the  contemporary  scene. 
Investigators  in  various  non-psychological  fields  are,  in  the  pur- 
suit of  their  inquiries,  again  and  again  forced  to  deal  with  psycho- 
logical problems  and  even  driven  to  consider  problems  of  theoreti- 
cal psychology.  For  example,  about  ten  years  or  so  ago,  Sherring- 
ton felt  compelled  to  consider  the  interrelations  of  neurophysio- 
logical  and  psychological  phenomena  and  to  devote  several 
hundred  pages  in  his  Man  on  His  Nature  to  an  examination  of 
problems  of  the  'mind'. 

Dr  Hayek's  book,  which  represents  an  analysis  of  the  sensory 
order  in  relation  to  problems  of  theoretical  psychology,  raises  the 
question  whether  the  time  has  not  again  come  for  psychologists  to 
develop,  at  least  occasionally,  a  bad  conscience  when  hearing  the 
word  psychology.  On  the  one  hand,  there  seems  to  have  been  a 
decline  in  the  quality  and  quantity  of  systematic  endeavours  in 
the  field  of  theoretical  psychology  during  the  last  decades ;  on  the 
other  hand,  the  multifarious  activities  of  psychologists  seem  to 
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make  it  more  than  ever  necessary  to  find  a  common  point  of 
reference.  As  long  as  it  is  assumed,  or  as  long  as  the  illusion  is  to  be 
kept  alive,  that  the  diverse  activities  of  psychologists  involve  a 
common  factor  referrred  to  by  the  word  psychology,  the  general 
conceptual  framework  of  such  a  psychology  must  remain  of  funda- 
mental interest.  There  is,  of  course,  no  lack  of  theorizing  in 
modern  psychology.  It  is  one  thing,  however,  to  develop  a  theory 
based  on  the  detailed  experimental  analysis  of  a  particular  prob- 
lem; it  is  another  thing  to  examine  the  conceptual  tools  of  theoreti- 
cal psychology  itself.  Even  particular  theories  do  not  always 
escape  the  complexity  of  matters  psychological.  When  G.  E. 
Miiller  summarized  his  fifty  years  of  efforts  in  the  field  of  colour 
vision,  it  took  him  about  650  pages  to  present  his  theory  of  colour 
vision  and  he  insisted  that  any  simpler  theory  could  be  formulated 
only  at  the  price  of  ignoring  relevant  facts.  When  it  comes  to 
systematic  efforts  in  the  field  of  theoretical  psychology,  it  has 
become  increasingly  obvious  in  recent  years  that  psychologists 
find  their  particular  tasks  (ranging  from  an  analysis  of  ocular  to  an 
analysis  of  political  movements  and  from  investigations  of  the 
sexual  behaviour  of  male  army  ants  to  that  of  human  females)  so 
all-absorbing,  time-consuming  and  exacting  that  they  rarely  seem 
to  do  anything  but  increase  the  number  of  hastily  conceived  and 
irresponsible  theories.  In  fact,  nowadays,  only  a  man  like  Dr 
Hayek  who  is  sufficiently  removed  from  the  noisy  market  places 
of  present-day  psychology  appears  to  have  the  necessary  detach- 
ment and  peace  of  mind  for  a  systematic  inquiry  into  the  founda- 
tions of  theoretical  psychology. 

It  is  fortunate  indeed  that  Dr  Hayek  has  chosen  the  sensory 
order  as  a  basis  for  discussing  problems  of  theoretical  psychology. 
More  than  a  century  ago,  in  1824,  Flourens  insisted  that  une 
anatomie  sans physiologie  serait  une  anatomie  sans  but.  There  is  no  doubt 
that  an  'anatomy  without  physiology'  as  well  as  a  'physiology 
without  anatomy'  are  still  with  us.  Even  at  the  present  time,  it  is 
not  difficult  to  find  books  on  the  'physiology'  of  the  nervous  system 
which  are  in  effect  nothing  but  books  on  'anatomy'  containing 
elaborate  physiological  footnotes.  The  relations  between  physio- 
logy and  anatomy  acquire  particular  significance  and  complexity 
when  it  comes  to  the  field  of  sensory  physiology.  If  not  the  last,  at 
least  the  last  monumental  attempt  to  cope  with  problems  of  the 
sensory  order  is  to  be  found  in  J.  von  Kries's  General  Sensory 
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Physiology  published  in  1923.  It  was  von  Kries  who  expHcitly  stated 
what  has  been  recognized  by  practically  all  investigators  in  this 
field,  namely,  that  sensory  physiology  is  different  from  all  other 
fields  of  physiology  and,  in  fact,  from  all  other  natural  sciences  in 
that  its  problems  are  intimately  related  to,  if  not  identical  with, 
certain  problems  of  psychology,  epistemology,  and  logic.  In  fact, 
sensory  physiology  and  sensory  psychology  are  to  a  great  extent 
indistinguishable.  The  psychologist  will  remember  that  the 
duplicity  theory  of  vision  formulated  by  von  Kries  has  stood  the 
test  of  time  longer  than  is  generally  the  case  with  scientific  theories 
and  that  Selig  Hecht,  only  a  few  years  ago,  when  performing 
energy  measurements  to  determine  the  minimum  energy  neces- 
sary for  vision,  found  values  of  the  same  order  of  magnitude  as 
were  found  by  von  Kries  more  than  forty  years  ago  although  von 
Kries  did  not  even  make  energy  measurements.  Since  Hecht  con- 
sidered it  'astonishing  to  see  the  admirable  way'  in  which  von 
Kries  accomplished  this  task,  he  felt  called  upon  to  pay  tribute  to 
von  Kries's  skill  and  care  in  the  evaluation  of  absorptions,  re- 
flections, lens  factors,  and  the  like,  which  are  necessary  in  deter- 
mining the  minimum  energy.  It  cannot  be  said,  therefore,  that  the 
man  who  insisted  that  problems  of  sensory  physiology  cannot  be 
adequately  treated  without  recourse  to  psychology,  epistemology, 
and  logic  did  not  have  the  necessary  'hard-boiled'  attitude  in 
scientific  matters;  the  converse  is  obviously  true.  Just  why  the 
sustained  and  disciplined  thinking  of  a  'hard-boiled'  professor  of 
physiology  in  matters  of  sensory  physiology  should  be  dismissed  as 
'mere'  philosophy  by  psychologists  is  a  problem  which  clearly 
requires  an  analysis  by  a  competent  historian  unless  one  assumes 
that  the  inability  of  most  psychologists  to  handle  logical  and 
epistemological  tools  explains  such  a  phenomenon.  Such  pheno- 
mena, unfortunately,  have  not  been  rare  in  the  history  of  psycho- 
logy. Ziehen,  the  neuroanatomist,  psychiatrist,  psychologist,  and 
logician,  who  wrote  a  textbook  of  physiological  psychology  that 
went  through  numerous  editions,  also  wrote  an  'epistemology  on 
psychophysiological  and  physical  basis'  in  191 3.  It  is  true  that  this 
book  has  a  forbidding  title  and  about  600  pages ;  but  it  is  probably 
also  true  that  no  psychologist  alive  ever  read  all  of  its  pages  in  the 
period  between  World  War  I  and  World  War  II.  There  is  no 
doubt  that  a  critical  examination  of  the  concepts  of  general 
sensory  physiology  in  relation  to  psychology  and  other  fields  is  a 
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prerequisite  for  further  progress  in  many  physiological  and  psycho- 
logical areas  of  investigation.  Dr  Hayek,  who  appears  to  be  far  too 
modest  in  evaluating  his  own  competence  in  handling  and  elucida- 
ting sensory  physiological  and  psychological  concepts,  is,  there- 
fore, performing  a  task  urgently  needed  for  further  scientific 
progress. 

Problems  of  the  sensory  order  and  the  relations  between 
physical  and  sensory  phenomena  have  been  of  perennial  interest 
not  only  to  psychologists  and  physiologists,  but  also  to  mathema- 
ticians, logicians,  and  physicists.  Recently  they  have  even  become 
of  interest  to  communication  engineers.  As  P.  du  Bois-Reymond 
once  pointed  out,  all  of  us  are  enclosed  'in  the  box  of  our  per- 
ceptions'. There  have  always  been  some  who  think  that  it  is 
possible  to  escape  from  this  box  and  there  have  always  been 
others  who  think  that  this  is  not  possible.  Ziehen,  for  instance,  was 
of  the  opinion  that  v^tfind  everywhere  identities,  similarities,  and 
differences  in  examining  the  'given',  i.e.,  the  raw  data  furnished 
by  experience  or,  to  use  his  expression,  the  'gignomene'.  A 
fundamental  classificatory  principle  is  thus  part  and  parcel  of  the 
'gignomene'  themselves  and  constitutes  an  ultimate  'unexplain- 
able  and  indefinable  fact'.  It  is  of  interest  that  von  Kries,  too, 
believed  that  the  existence  of  similarities  is  an  ultimate  fact  neither 
requiring  nor  permitting  of  an  explanation.  The  view,  however, 
that  the  real  content  of  experience  resisting  any  further  analysis  is 
to  be  found  in  sensory  phenomena  has  always  clashed  with  the 
view  that  the  persistence  of  fix:ed  functional  relations  between 
these  phenomena  constitutes  the  content  of  true  reality. 

In  a  brief  space,  it  is  impossible  to  outline  even  the  essentials  of 
Dr  Hayek's  theory,  but  from  a  broad  point  of  view  his  theory 
may  be  said  to  substantiate  Goethe's  famous  maxim  'all  that  is 
factual  is  already  theory'  for  the  field  of  sensory  and  other  psycho- 
logical phenomena.  According  to  Dr  Hayek,  sensory  perception 
must  be  regarded  as  an  act  of  classification.  What  we  perceive  are 
never  unique  properties  of  individual  objects,  but  always  only 
properties  which  the  objects  have  in  common  with  other  objects. 
Perception  is  thus  always  an  interpretation,  the  placing  of  some- 
thing into  one  or  several  classes  of  objects.  The  characteristic 
attributes  of  sensory  qualities,  or  the  classes  into  which  different 
events  are  placed  in  the  process  of  perception,  are  not  attributes 
which  are  possessed  by  these  events  and  which  are  in  some  manner 
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'communicated'  to  the  mind ;  they  consist  entirely  in  the  'differen- 
tiating' responses  of  the  organism  by  which  the  quaHtative  classifi- 
cation or  order  of  these  events  is  created ;  and  it  is  contended  that 
this  classification  is  based  on  the  connexions  created  in  the  nervous 
system  by  past  'linkages.'  The  qualities  which  we  attribute  to  the 
experienced  objects  are,  strictly  speaking,  not  properties  of 
objects  at  all,  but  a  set  of  relations  by  which  our  nervous  system 
classifies  them.  To  put  it  differently,  all  we  know  about  the  world 
is  of  the  nature  of  theories  and  all  'experience'  can  do  is  to  change 
these  theories.  All  sensory  perception  is  necessarily  'abstract'  in 
that  it  always  selects  certain  aspects  or  features  of  a  given  situation. 
Every  sensation,  even  the  'purest,'  must  therefore  be  regarded  as 
an  interpretation  of  an  event  in  the  light  of  the  past  experience  of 
the  individual  or  the  species.  Experience  operates  on  physiological 
events  and  arranges  them  into  a  structure  or  order  which  becomes 
the  basis  of  their  'mental'  significance.  In  the  course  of  onto- 
genetic or  phylogenetic  development,  a  system  of  connexions  is 
formed  which  records  the  relative  frequency  with  which  different 
groups  of  internal  and  external  stimuli  have  acted  together  on  the 
organism.  Each  individual  impulse  or  group  of  impulses  on  its 
occurrence  evokes  other  impulses  which  correspond  to  stimuli 
which  in  the  past  have  usually  accompanied  its  occurrence.  The 
primary  impulse  through  its  acquired  connexions  will  set  up  a 
bundle  of  secondary  impulses,  a  'following'  of  the  primary  im- 
pulse. It  is  the  total  or  partial  identity  of  this  'following'  which 
determines  different  forms  of  classification.  The  essential  charac- 
teristic of  the  order  of  sensory  qualities  is  that,  within  that  order, 
each  stimulus  or  group  of  stimuH  does  not  possess  a  unique 
significance  represented  by  particular  responses,  but  that  the 
stimuli  are  given  different  significance  if  they  occur  in  combination 
with,  or  are  evaluated  in  the  light  of,  an  infinite  number  of  other 
stimuli  which  may  originate  from  the  external  world  or  from  the 
organism  itself.  A  wide  range  of  mental  phenomena,  such  as  dis- 
crimination, equivalence  of  stimuli,  generalization,  transfer, 
abstraction,  and  conceptual  thought,  may  all  be  interpreted  as 
different  forms  of  the  same  process  of  classification  which  is 
operative  in  creating  the  sensory  order.  The  fact  that  this  classi- 
fication is  determined  by  the  position  (in  a  topological,  not  a 
spatial,  sense)  of  the  individual  impulse  or  group  of  impulses  in  a 
complex  structure  of  connexions,  extending  through  a  hierarchy 
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of  levels,  has  important  consequences  when  it  comes  to  consider- 
ing the  effects  of  physiological  or  anatomical  changes. 

These  formulations  of  the  author  must  suffice  to  characterize  at 
least  some  aspects  of  the  theory  presented  in  his  book.  Investi- 
gators concerned  with  an  analysis  of  the  logical  structure  of 
natural  sciences  have  insisted  that  the  transition  from  concepts  of 
'substance'  to  concepts  of  'function'  is  characteristic  of  the  histori- 
cal development  of  science.  'Thing-concepts'  have  gradually  and 
often  painfully  yielded  to  'relational  concepts'.  Even  Freud,  some 
critics  have  insisted,  is  still  a  'substance'  thinker.  In  this  con- 
nexion Dr  Hayek's  theory  appears  very  modern  indeed  since  not 
even  traces  of  'thing-concepts'  are  left  in  his  theory.  'Mind'  for 
him  has  turned  into  a  complex  of  relations;  it  is  simply  'a  particu- 
lar order  of  a  set  of  events  taking  place  in  some  organism  and  in 
some  manner  related  to,  but  not  identical  with,  the  physical  order 
of  events  in  the  environment'.  In  addition,  his  theory,  perhaps 
more  than  any  other,  emphasizes  the  far-reaching  importance  of 
'experience'  and  'learning'.  Certain  theories  have  always  stressed 
the  factor  of  'experience'  while  others  have  stressed  the  impor- 
tance of  the  conditions,  structures,  or  presuppositions  which 
make  experience  possible.  The  relations  between  these  two  sets  of 
factors,  however,  present  peculiar  difficulties.  In  elucidating  the 
complexity  of  these  relations,  Dr  Hayek  probably  makes  his  most 
important  and  original  contributions.  It  has  been  said  that  there 
are  no  permanent  or  fixed  'objects',  but  only  ways  of  knowing 
'objectively'.  The  implication  of  the  theory  presented  here  is  that 
even  the  ways  of  knowing  'objectively'  are  not  stable,  or  only 
relatively  stable,  and  that  the  ordering  principles  themselves  are 
subject  to  change.  Dr  Hayek,  therefore,  does  not  take  a  static 
view  of  either  the  'elements'  or  the  'relational'  structure  involved 
in  the  sensory  or  any  other  kind  of  order.  Conceptual  thinking,  as 
he  rightly  emphasizes,  has  long  been  recognized  as  a  process  of 
continuous  reorganization  of  the  (supposedly  constant)  elements 
of  the  phenomenal  world.  In  his  opinion,  however,  there  is  no 
justification  for  the  sharp  distinction  between  the  more  abstract 
processes  of  thought  and  direct  sensory  perception  since  the  quali- 
tative elements,  of  which  the  phenomenal  world  is  built  up,  and 
the  whole  order  of  the  sensory  qualities  are  themselves  subject  to 
continuous  change.  The  fact  that  there  can  be  nothing  in  our 
mind  which  is  not  the  result  of  ontogenetically  or  phylogenetically 
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established  'linkages'  is  not  meant  to  exclude  processes  of  re- 
classification. At  the  same  time  it  is  to  be  clearly  understood  that 
at  least  a  certain  part  of  what  we  know  at  any  moment  about  the 
external  world  is  not  learned  by  sensory  experience,  but  is  rather 
impHcit  in  the  means  through  which  we  can  obtain  such  ex- 
perience; that  is,  it  is  determined  by  the  order  of  the  previously 
established  apparatus  of  classification.  To  express  it  differently, 
there  is,  on  every  level,  a  part  of  our  knowledge  which,  although 
it  is  the  result  of  experience,  cannot  be  controlled  by  experience 
because  it  constitutes  the  ordering  principle.  In  considering  the 
impUcations  of  Dr  Hayek's  theory,  the  impression  is  gained  that 
not  only  the  characteristics  and  properties  of  the  organism  in- 
volved in  'classifying'  activities  but  also  the  characteristics  of  the 
'environment'  appear  in  a  new  light.  Man  occupies  only  a  small 
corner  of  the  terrestrial  biosphere,  including  the  recently  de- 
veloped, chemically  highly  active,  and  man-made  anthroposphere 
of  A.  P.  Pavlov.  If  pre-sensory  and  sensory  'linkages'  are  formed 
not  only  during  the  life  of  the  individual,  but  also  in  the  course  of 
phylogenetic  development,  the  characteristics  of  the  environment, 
in  which  the  building-up  of  the  apparatus  of  classification  or 
orientation  occurs,  assume  special  importance.  If  the  apparatus  of 
classification  is  shaped  by  the  conditions  in  the  environment  in 
which  we  live  and  if  it  represents  a  kind  of  map  or  reproduction  of 
relations  between   elements   of  this   environment,   the   question 
arises  as  to  the  extent  to  which  environmental  factors  'colour'  or 
'condition'    principles    of  ordering.    Perhaps    Vernadsky's    bio- 
geochemistry  has,  in  the  light  of  Dr  Hayek's  theory,  unexpected 
psychological  implications.  In  the  meantime,  the  striking  results 
on  'conditioned  sensations'  recently  obtained  by  Ivo  Kohler  have 
demonstrated  how  strongly  environmental  factors  and  conditions 
may  influence  sensory  phenomena  during  the  life  of  an  individual. 
It  is  not  possible  to  comment  in  detail  on  the  skill  and  know- 
ledge with  which  Dr  Hayek  has  utilized  psychological,  physio- 
logical, and  other  data  to  support  his  thesis  and  to  enumerate 
the  many  problems  and  theories  upon  which  his  penetrating 
analysis  has  significant  bearing.  His  concepts  of  the  'map',  the 
'model',  and  related  concepts  appear  to  be  promising  tools  in 
analysing  brain  mechanisms   and   behaviour.  What  is  perhaps 
most  pertinent  is  that  his  theory  suggests  definite  lines  of  experi- 
mentation. For  instance,  it  should  be  possible  not  only  to  change 
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sensory  qualities  experimentally,  but  to  create  altogether  new 
sensory  qualities  which  have  never  been  experienced  before.  The 
psychologist  is  likely  to  find  this  theory  helpfiil  in  devizing  new 
experiments  even  beyond  the  scope  indicated  by  the  author  him- 
self. In  considering  the  consequences  and  implications  of  his  own 
theory  and  in  trying  to  define  its  content  as  unambiguously  as 
possible,  the  author  does  not  hesitate  to  point  out  that  an  experi- 
mental confirmation  of  theories,  such  as  Semon's  'engram' 
theory  or  Paul  Weiss's  'resonance'  theory,  would  disprove  his  own 
theory. 

A  great  historian  once  expressed  the  view  that  'no  man,  and 
no  product  of  all  a  man's  labour  either,  is  like  a  perfectly  thought- 
out  book,  and  merely  to  point  out  lacunae  in  some  pages  and 
deficiences  in  others  must  seem  much  more  an  envious  job  of  rival 
contemporaries  than  a  historian's  true  duty  .  .  .'  When  viewing 
the  complex  structure  of  a  psychological  theory,  envious  'rival 
contemporaries'  undoubtedly  will  always  try,  no  matter  how  diffi- 
cult the  job  may  be,  to  establish  that  certain  petitsfaits  signicatifs 
or  even  merely  'little  facts'  have  not  been  built  into  the  edifice. 
About  twenty  years  ago,  Lashley,  in  commenting  on  an  experi- 
mental investigation  concerned  with  analysing  the  interdepen- 
dence of  relations  and  relata  and  establishing  forms  of  invariance 
in  behaviour,  spoke  of  'the  tracing  of  relations  through  the  intri- 
cate web  of  dependent  processes  which  is  "mind"  '.  Dr  Hayek  has 
done  more  than  his  share  in  tracing  relations  through  the  intricate 
web  of  'mind'.  His  is  one  of  the  most  interesting  and  significant 
books  on  theoretical  psychology  that  has  appeared  in  this  country 
during  the  last  decades. 
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CHAPTER  I 
THE   NATURE    OF    THE   PROBLEM 

I.    WHAT    IS    MIND? 

1.1.  The  nature  of  the  subject  of  this  study  makes  its  first  task 
the  most  important  and  the  most  difficuh:  clearly  to  state  the 
problem  to  which  it  will  attempt  an  answer.  We  shall  have  moved 
a  considerable  distance  towards  the  solution  of  our  problem  when 
we  have  made  its  meaning  precise  and  have  shown  what  kind  of 
statement  could  be  regarded  as  a  solution. 

1.2.  The  traditional  heading  under  which  our  problem  has  been 
discussed  in  the  past  is  that  of  the  'relation'  between  mind  and 
body,  or  between  mental  and  physical  events.  It  can  also  be 
described  by  the  questions  of 'What  is  mind?'  or  'What  is  the  place 
of  mind  in  the  realm  of  nature?'  But  while  these  expressions  indi- 
cate a  general  field  of  inquiry,  they  do  not  really  make  it  clear 
what  it  is  that  we  want  to  know.  Before  we  can  successfully  ask 
how  two  kinds  of  events  are  related  to  each  other  (or  connected 
with  each  other),  we  must  have  a  clear  conception  of  the  distinct 
attributes  by  which  they  can  be  distinguished.  The  difficulty  of 
any  fruitful  discussion  of  the  mind-body  problem  consists  largely 
in  deciding  what  part  of  our  knowledge  can  properly  be  described 
as  knowledge  of  mental  events  as  distinguished  from  our  know- 
ledge of  physical  events. 

1.3.  We  shall  attempt  to  avoid  at  first  at  least  some  of  the 
difficulties  of  this  general  problem  by  concentrating  on  a  more 
definite  and  specific  question.  We  shall  inquire  how  the  physio- 
logical impulses  proceeding  in  the  different  parts  of  the  central 
nervous  system  can  become  in  such  a  manner  differentiated  from 
each  other  in  their  functional  significance  that  their  effects  will 
differ  from  each  other  in  the  same  way  in  which  we  know  the 
effects  of  the  different  sensory  qualities  to  differ  from  each  other. 
We  shall  have  established  a  'correspondence'  between  particular 
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physiological  events  and  particular  mental  events  if  we  succeed 
in  showing  that  there  can  exist  a  system  of  relations  between  these 
physiological  events  and  other  physiological  events  which  is 
identical  with  the  system  of  relations  existing  between  the  corres- 
ponding mental  events  and  other  mental  events. 

1.4.  We  select  here  for  examination  the  problem  of  the  deter- 
mination of  the  order  of  sensory  qualities  because  it  seems  to  raise 
in  the  clearest  form  the  peculiar  problem  posed  by  all  kinds  of 
mental  events.  It  will  be  contended  that  an  answer  to  the  question 
of  what  determines  the  order  of  sensory  qualities  constitutes  an 
answer  to  all  questions  which  can  be  meaningfully  asked  about  the 
'nature'  or  'origin'  of  these  qualities ;  and  further,  that  the  same 
general  principle  which  can  be  used  to  account  for  the  differenti- 
ation of  the  different  sensory  qualities  serves  also  as  an  explanation 
of  the  peculiar  attributes  of  such  other  mental  events  as  images, 
emotions,  and  abstract  concepts. 

1.5.  For  the  purposes  of  this  discussion  we  shall  employ  the  term 
sensory  'qualities'  to  refer  to  all  the  different  attributes  or  di- 
mensions with  regard  to  which  we  differentiate  in  our  responses  to 
different  stimuli.  We  shall  thus  use  this  term  in  a  wide  sense  in 
which  it  includes  not  only  quality  in  the  sense  in  which  it  is  con- 
trasted with  intensity,  extensity,  clearness,  etc.,  but  in  a  sense  in 
which  it  includes  all  these  other  attributes  of  a  sensation.^  We  shall 
speak  of  sensory  qualities  and  the  sensory  order  to  distinguish 
these  from  the  affective  qualities  and  the  other  mental  'values' 
which  make  up  the  more  comprehensive  order  of  'mental 
qualities'. 

2.  THE  PHENOMENAL  WORLD  AND  THE  PHYSICAL  WORLD 

1.6.  A  precise  statement  of  the  problem  raised  by  the  existence 
of  sensory  qualities  must  start  from  the  fact  that  the  progress  of  the 
physical  sciences  has  all  but  eliminated  these  qualities  from  our 
scientific  picture  of  the  external  world.  ^  In  order  to  be  able  to 

^See  E.  G.  Boring  1933,  pp.  22-23  and  1942,  p.  42. 

^Gf.,  e.g.,  M.  Planck,  1926,  p.  5  :  'The  sense  perceptions  have  been  definitely 
eliminated  from  physical  acoustics,  optics  and  heat.  The  physical  definitions  of 
sound,  colour,  and  temperature  are  to-day  in  no  way  associated  with  the  imme- 
diate perception  of  the  respective  senses,  but  sound  and  colour  are  defined 
respectively  by  the  frequency  and  wavelength  of  oscillations,  and  temperature 
is  measured  theoretically  on  the  absolute  temperature  scale  corresponding  to 
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give  a  satisfactory  account  of  the  regularities  existing  in  the 
physical  world  the  physical  sciences  have  been  forced  to  define  the 
objects  of  which  this  world  exists  increasingly  in  terms  of  the 
observed  relations  between  these  objects,  and  at  the  same  time 
more  and  more  to  disregard  the  way  in  which  these  objects  appear 
to  us. 

1.7.  There  exist  now,  in  fact,  at  least  two^  different  orders  in 
which  we  arrange  or  classify  the  objects  of  the  world  around  us: 
one  is  the  order  of  our  sense  experiences  in  which  events  are 
classified  according  to  their  sensory  properties  such  as  colours, 
sounds,  odours,  feeling  of  touch,  etc.;  the  other  is  an  order  which 
includes  both  these  same  and  other  events  but  which  treats  them 
as  similar  or  different  according  as,  in  conjunction  with  other 
events,  they  produce  similar  or  different  other  external  events. 

1.8.  Although  the  older  branches  of  physics,  particularly  optics 
and  acoustics,  started  from  the  study  of  sensory  qualities,  they  are 
now  no  longer  directly  concerned  with  the  perceptible  properties 
of  the  events  with  which  they  are  dealing.  Nothing  is  more 
characteristic  of  this  than  the  fact  that  we  find  it  now  necessary 
to  speak  of  'visible  light'  and  'audible  sound'  when  we  want  to 
refer  to  the  objects  of  sense  perception.  To  the  physicist  'light'  and 
'sound'  now  are  defined  in  terms  of  wave  motions,  and  in  addition 
to  those  physical  events,  which,  as  is  true  of  certain  ranges  of 
'light'  and  'sound'  waves,  cause  definite  sense  experiences,  he 
deals  with  imperceptible  events  like  electricity,  magnetism,  etc., 
which  do  not  directly  produce  specific  sensory  qualities.  ^ 

1.9.  Between  the  elements  of  these  two  orders  there  exists  no 
simple  one-to-one  correspondence  in  the  sense  that  several  objects 
or  events  which  in  the  one  order  belong  to  the  same  kind  or  class 
will  also  belong  to  the  same  kind  or  class  in  the  other  order.  They 

the  second  law  of  thermodynamics.'  See  also  1949  (1941),  p.  108.  On  the 
fact  that  this  applies  not  only  to  the  'secondary'  qualities  see  H.  Margenau, 
1950.  PP-  7  and  49. 

^Since,  as  we  shall  see,  the  movement  from  the  sensory  to  the  physical  order  is 
a  gradual  one,  there  is,  strictly  speaking,  an  infinite  range  of  such  orders  of 
which  the  naive  picture  of  the  sensory  world  and  the  latest  scientific  knowledge 
are  merely  the  most  significant  types. 

^Cf.,  J.  von  Kries,  1923,  p.  67,  and  E.  G.  Boring,  1942,  p.  97.  As  late  as  1935  the 
latter  author  could  still  write  (p.  236)  that  'it  is  the  traditional  view  of  psycho- 
logy that  the  attributes  of  sensation  show  a  one-to-one  correspondence  to  the 
dimensions  of  the  stimulus.' 
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constitute  different  orders  precisely  because  events  which  to  our 
senses  may  appear  to  be  of  the  same  kind  may  have  to  be  treated  as 
different  in  the  physical  order,  while  events  which  physically  may 
be  of  the  same  or  at  least  a  similar  kind  may  appear  as  altogether 
different  to  our  senses. 

1. 10.  These  two  orders  have  been  variously  described  by  dif- 
ferent authors  as  the  subjective,  sensory,  sensible,  perceptual, 
familiar,  behavioural  or  phenomenal^  world  on  the  one  hand,and 
and  as  the  objective,  scientific,  'geographical',  physical,  or  some- 
times 'constructional'  on  the  other.  In  what  follows  we  shall 
regularly  employ  the  pair  of  terms  'phenomenal'  and  'physical' ^ 
to  describe  the  order  of  events  perceived  in  terms  of  sensory 
qualities  and  the  order  of  events  defined  exclusively  in  terms  of 
their  relations  respectively,  although  we  shall  occasionally  employ 
the  term  'sensory'  as  equivalent  to  phenomenal,  especially  (as  in 
the  title  of  this  book)  in  the  phrase  'sensory  order'.  We  shall  later 
(Chapters  V  and  VIII)  also  describe  these  two  orders  as  the 
'macrocosm'  and  the  'microcosm'  respectively.  Their  relation  is 
the  central  problem  of  this  book. 

1 .  1 1 .  It  is  important  not  to  identify  the  distinction  between  the 
phenomenal  and  the  physical  order  with  the  distinction  between 
either  of  these  and  what  in  ordinary  language  is  described  as  the 
'real'  world.  The  contrast  with  which  we  are  concerned  is  not 
between  'appearance'  and  'reality'  but  between  the  differences  of 
events  in  their  effects  upon  each  other  and  the  differences  in  their 
effects  on  us.  It  is  indeed  doubtful  whether  on  the  plane  on  which 
we  must  examine  these  problems  the  term  'real'  still  has  any  clear 
meaning.^  For  the  purposes  of  our  discussion,  at  any  rate,  we  shall 
not  be  interested  in  what  a  thing  'is'  or  'really  is'  (whatever  that 
may  mean),  but  solely  in  how  a  particular  object  or  event  differs 
from  other  objects  or  events  belonging  to  the  same  order  or  uni- 
verse of  discourse.  It  seems  that  a  question  like  'what  is  x?^  has 
meaning  only  within  a  given  order,  and  that  within  this  limit  it 
must  always  refer  to  the  relation  of  one  particular  event  to  other 

^In  German  often  by  the  not  fully  translatable  word  anschaulich. 

^To  prevent  confusion  it  should  perhaps  be  pointed  out  that  the  'physical 

language'  of  the  logical  positivists  refers  to  the  phenomenal  and  not  to  the 

physical  order. 

^These  doubts  have  not  been  dispelled  by  the  careful  distinction  of  various 

kinds  and  degrees  of 'reality'  {Wirklichkeii)  by  W.  Metzger,  1941,  Chapter  2. 
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events  belonging  to  the  same  order.  We  shall  see  that  the  mental 
and  the  physical  world  are  in  this  sense  two  different  orders  in 
which  the  same  elements  can  be  arranged;  though  ultimately  we 
shall  recognize  the  mental  order  as  part  of  the  physical  order,  a 
part,  however,  whose  precise  position  in  that  larger  order  we  shall 
never  be  able  to  determine. 

1. 1 2.  Historically  the  concept  of  the  'real'  has  been  formed  in 
contradistinction  to  mere  'illusions'  based  on  sense  deceptions  or 
on  other  experiences  of  purely  mental  origin.  There  is,  however, 
no  fundamental  difference  between  such  corrections  of  one  sense 
experience  by  others,  as  we  employ,  e.g.,  to  discover  an  optical 
illusion,  and  the  procedure  employed  by  the  physical  sciences 
when  they  ascertain  that  two  objects  which  may  to  all  our  senses 
appear  to  be  alike  do  not  behave  in  the  same  way  in  relation  to 
others.  To  accept  this  latter  test  as  the  criterion  of  'reality'  would 
force  us  to  regard  the  various  constructs  of  physics  as  more  'real' 
than  the  things  we  can  touch  and  see,  or  even  to  reserve  the  term 
'reality'  to  something  which  by  definition  we  can  never  fully 
know.  Such  a  use  of  the  term  'real'  would  clearly  per\^ert  its 
original  meaning  and  the  conclusion  to  be  drawn  from  this  is 
probably  that  it  should  be  altogether  avoided  in  scientific  dis- 
cussion.^ 

1. 1 3.  The  relation  between  the  physical  and  the  phenomenal 
order  raises  two  distinct  but  related  problems.  The  first  of  these 
problems  presents  the  task  of  the  physical  sciences  while  the  second 
creates  the  central  problem  of  theoretical  psychology.  The  task  of 
the  physical  sciences  is  to  replace  that  classification  of  events  which 
our  senses  perform  but  which  proves  inadequate  to  describe  the 
regularities  in  these  events,  by  a  classification  which  will  put  us  in 
a  better  position  to  do  so.  The  task  of  theoretical  psychology  is  the 
converse  one  of  explaining  why  these  events,  which  on  the  basis  of 
their  relations  to  each  other  can  be  arranged  in  a  certain  (physical) 
order,  manifest  a  different  order  in  their  effect  on  our  senses. 

1. 14.  The  problems  of  the  physical  sciences  arise  thus  from  the 
fact  that  objects  which  appear  aHke  to  us  do  not  always  prove  to 
behave  in  the  same  way  towards  other  objects;  or  that  objects 
which  phenomenally  resemble  each  other  need  not  be  physically 

^On  the  gradual  evolution  of  the  scientific  world  picture  from  the  efforts  of  the 
child,  and  on  the  use  of  the  term  'real',  see  M.  Planck,  1949  (1941),  especially 
pp.  90  and  95-105. 
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similar  to  each  other,  and  that  sometimes  objects  which  appear 
to  us  to  be  akogether  different  may  prove  to  be  physically  very 
similar. 

1. 1 5.  It  is  this  fact  which  has  made  it  necessary,  in  order  to 
build  up  a  science  capable  of  predicting  events,  to  replace  the 
classification  of  objects  or  events  which  our  senses  effect  by  a  new 
classification  which  corresponds  more  perfectly  to  the  manner  in 
which  those  objects  or  events  resemble  or  differ  from  each  other  in 
the  effects  which  they  have  upon  each  other.  But  this  progressive 
substitution  of  a  purely  relational  for  a  qualitative  or  sensory  order 
of  events  provides  the  answer  to  only  one  part  of  the  problem 
which  is  raised  by  the  existence  of  the  two  orders.  Even  if  we  had 
fully  answered  this  problem  we  should  still  not  know  why  the 
different  physical  objects  appear  to  us  as  they  do. 

1. 1 6.  It  is  because  the  physical  sciences  have  shown  that  the 
objects  of  the  external  world  do  not  regularly  differ  in  their  effects 
upon  each  other  in  the  same  way  in  which  they  differ  in  their 
effects  upon  our  senses  that  the  question  why  they  appear  to  us 
as  they  do  becomes  a  legitimate  problem  and  indeed  the  central 
problem  of  theoretical  psychology.  In  so  far  as  the  similarities  or 
differences  of  the  phenomena  as  perceived  by  us  do  not  correspond 
with  the  similarities  or  differences  which  the  perceived  events 
manifest  in  their  relations  to  each  other,  we  are  not  entitled  to 
assume  that  the  world  appears  to  us  as  it  does  because  it  is  like 
that;  the  question  why  it  appears  to  us  as  it  does  becomes  a  genuine 
problem.^ 

1. 1 7.  It  is,  perhaps,  still  true  that  psychologists  in  general  have 
not  yet  become  fully  aware  of  the  fact  that,  as  a  result  of  the  de- 
velopment of  the  physical  sciences,  the  explanation  of  the  qualita- 
tive order  of  the  phenomenal  world  has  become  the  exclusive  task 
of  psychology.  What  psychology  has  to  explain  is  not  something 
known  solely  through  that  special  technique  known  as  'intro- 
spection', but  something  which  we  experience  whenever  we  learn 
anything  about  the  external  world  and  through  which  indeed  we 
know  about  the  external  world ;  and  which  yet  has  no  place  in  our 
scientific  picture  of  the  external  world  and  is  in  no  way  explained 
by  the  sciences  dealing  with  the  external  world:  qualities.  When- 
ever we  study  qualitative  differences  between  experiences  we  are 
studying  mental  and  not  physical  events,  and  much  that  we  be- 

^Cf.,  K.  Koffka,  1934,  pp.  75ff. 
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lieve  to  know  about  the  external  world  is,  in  fact,  knowledge  about 
ourselves.^ 

1. 1 8.  It  is  thus  the  existence  of  an  order  of  sensory  qualities  and 
not  a  reproduction  of  quaHties  existing  outside  the  perceiving 
mind  which  is  the  basic  problem  raised  by  all  mental  events. 
Psychology  must  concern  itself,  in  other  words,  with  those  aspects 
of  what  we  naively  regard  as  the  external  world  which  find  no 
place  in  the  account  of  that  world  which  the  physical  sciences  give 
us. 

1. 1 9.  This  reformulation  of  the  central  problem  of  psychology 
has  thus  been  made  necessary  by  the  fact  that  the  physical  sciences, 
even  in  their  ideal  perfect  development,  give  us  only  a  partial 
explanation  of  the  world  as  we  know  it  through  our  senses  and 
must  always  leave  an  unexplained  residue.  After  we  have  learnt 
to  distinguish  events  in  the  external  world  according  to  the  dif- 
ferent effects  they  have  upon  each  other,  and  irrespective  of 
whether  they  appear  to  us  as  alike  or  different,  the  question  of 
what  makes  them  appear  alike  or  different  to  us  still  remains  to  be 
solved.  The  empirical  establishment  of  correspondences  between 
certain  phenomenal  and  certain  physical  constellations  of  events  is 
no  sufficient  answer  to  this  question.  We  want  to  know  the  kind  of 
process  by  which  a  given  physical  situation  is  transformed  into  a 
certain  phenomenal  picture. 

1.20.  Since  the  pecuHar  order  of  events  which  we  have  called  the 
phenomenal  order  manifests  itself  only  in  the  responses  of  certain 
kinds  of  organisms  to  these  events,  and  not  in  the  relation  of  those 
events  to  each  other,  it  is  natural  to  search  for  an  explanation  of 
this  order  in  some  feature  of  the  structure  of  these  organisms.  We 
shall  eventually  find  it  in  the  fact  that  these  organisms  are  able 
within  themselves  to  reproduce  (or  'build  models  of)  some  of  the 
relations  which  exist  between  the  events  in  their  environment. 

1.2 1.  The  fact  that  the  problem  of  psychology  is  the  converse  of 
the  problem  of  the  physical  sciences  means  that  while  for  the  latter 
the  facts  of  the  phenomenal  world  are  the  data  and  the  order  of 
the  physical  world  the  quaesitum,  psychology  must  take  the  phy- 
sical world  as  represented  by  modern  physics  as  given  and  try  to 
reconstruct  the  process  by  which  the  organism  classifies  the 
physical  events  in  the  manner  which  is  familiar  to  us  as  the  order 
of  sensory  qualities.  In  other  words :  psychology  must  start  from 

KX,  F.  A.  Hayek,  1942,  p.  279. 
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Stimuli  defined  in  physical  terms  and  proceed  to  show  why  and 
how  the  senses  classify  similar  physical  stimuli  sometimes  as  alike 
and  sometimes  as  different,  and  why  different  physical  stimuli  will 
sometimes  appear  as  similar  and  sometimes  as  different.^ 


3.    STIMULUS,    IMPULSE,    AND    THE    THEORY    OF    THE    SPECIFIC 
ENERGY    OF    NERVES 

1.22.  Before  we  proceed  farther  it  is  necessary  to  define  more 
precisely  some  of  the  terms  we  shall  have  constantly  to  employ. 
This  appHes  especially  to  the  terms  'stimulus'  and  'nervous  im- 
pulse' and  more  particularly  to  the  sense  in  which  we  shall  speak 
of  particular  'kinds'  of  stimuli  or  of  the  same  and  of  different  ner- 
vous impulses.  It  will  be  convenient  also  to  consider  already  at 
this  stage  the  meaning  and  significance  of  the  famous  principle  of 
the  'specific  energy  of  nerves.' 

1.23.  The  term  stimulus  will  be  used  throughout  this  discussion  to 
describe  an  event  external  to  the  nervous  system  which  causes 
(through  or  without  the  mediation  of  special  receptor  organs) 
processes  in  some  nerve  fibres  which  by  these  fibres  are  conducted 
from  the  point  at  which  the  stimulus  acts  to  some  other  point  of 
the  nervous  system.  It  appears  that  at  least  some  receptor  organs 
are  sensitive  not  to  the  continuous  action  of  any  one  given  stimulus 
but  only  to  changes  in  that  stimulus.  Whatever  it  is  that  is  produced 
in  the  ner\'e  fibre  and  propagated  through  it  we  shall  call  the 
impulse. 

1.24.  The  physical  event  acting  as  a  stimulus  is  described  as  such 
only  with  regard  to  its  action  on  the  receptors. ^  This  leads  some- 
times to  a  rather  confusing  distinction  between  the  stimulus  and 
its  'source',  sometimes  described  as  the  stimulus  object.  What  will 
here  be  described  as  stimulus  will  always  be  the  proximal  stimu- 
lus,^ i.e.,  the  last  known  physical  event  in  the  chain  which  leads  to 
the  production  of  the  impulse.  In  some  instances  (particularly  in 
the  case  of  odours)  this  proximal  physical  stimulus,  however,  is 

^Gf.,  E.  G.  Boring,  1942,  p.  120  :  'Nowadays  we  consider  first  the  dimensions 
of  the  stimulus,  and  then  seek  to  discover  what  phenomenal  consequences  they 
yield.    We  used  to  inquire  about  the  physical  causes  of  hue:  now  we  ask  about 
the  effects  of  monochromatic  light.' 
^R.  S.  Woodworth,  1938,  p.  451, 
^K.  Koffka,  1935,  p.  80. 
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not  certainly  known,  and  we  must  be  satisfied  with  reference  to 
some  more  remote  event  which  has  then  to  be  regarded  as  the 
source  of  an  unknown  proximal  stimulus. 

1.25.  It  is  necessary  from  the  outset  carefully  to  avoid  the 
assumption  that  to  each  kind  of  sensation  there  will  always  corres- 
pond one  stimulus  of  a  particular  kind.  Not  only  can  several  dif- 
ferent stimuh  produce  the  same  sensation,  but  it  appears  that  in 
many  instances,  and  perhaps  as  a  rule,  several  different  stimuli, 
acting  on  different  receptors,  may  be  required  to  produce  a 
particular  sensation.^ 

1 .26.  Since  our  central  problem  is  the  manner  in  which  different 
stimuli  affect  our  nervous  system,  or  how  they  are  classified  by  it, 
we  clearly  cannot  make  our  starting  point  that  classification  of  the 
stimuli  which  our  senses  perform.  The  distinction  between  dif- 
ferent stimuli,  or  between  different  kinds  of  stimuli,  must  be  inde- 
pendent of  the  different  effects  they  have  on  the  organism.  This 
independence  can  never  be  complete,  since  all  our  knowledge  of 
the  external  events  is  derived  from  our  sensory  experience.  But  it 
can  be  independent  in  the  sense  that  we  can  classify  the  stimuH 
not  according  to  their  direct  effects  on  our  senses,  but  according 
to  the  effects  which  they  exercise  on  other  external  events,  which 
in  turn  act  as  stimuli  on  our  senses.  This  classification  of  the  events 
which  act  as  stimuli,  according  to  their  effects  on  other  events 
which  in  turn  are  classified  according  to  their  effects  on  still  others, 
is,  of  course  the  classification  of  the  stimuH  developed  by  the 
physical  sciences;  and  it  is  this  which  we  must  adopt. 

1.27.  We  shall,  e.g.,  have  to  regard  as  the  same  physical  stimulus 
not  all  fight  which  appears  to  us  to  have  the  same  colour,  or  all 
substances  which  smell  alike,  but  only  light  waves  which  in  various 
combinations  with  other  physical  objects  (usually  apparatus 
designed  for  the  purpose)  produce  the  same  effects,  or  substances 
which  in  their  chemical  composition  are  identical. 

1.28.  For  our  purpose  it  will  also  be  necessary  to  regard  as 
different  any  stimuli  which  are  physically  identical  but  which  act 
on  different  parts  of  the  body,  since  it  is  by  no  means  obvious 
(or  always  true)  that  such  stimuH  should  produce  the  same  sensory 
qualities.  The  question  why  as  a  rule  stimulation  of  different 
individual  receptors  by  physically  identical  stimuli  should  produce 

iQ.  T.  Morgan,  1943,  pp.  297-8. 
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similar  sensations  is  in  fact  the  simplest  form  in  which  our  problem 
arises. 

1.29.  The  production  of  a  nervous  impulse  by  a  stimulus  is 
usually  mediated  by  the  selective  action  of  specific  receptor  organs 
which  respond  to  certain  kinds  of  stimuli  but  not  to  others.  This 
selectivity  of  the  receptor  organs  is,  however,  not  perfect.  Even 
the  so-called  'adequate  stimuli'  to  which  a  given  receptor  normally 
responds,  consist  as  a  rule  not  only  of  one  precisely  defined 
physical  stimulus  (such  as,  e.g.,  waves  of  a  particular  frequency) 
but  to  a  more  or  less  wide  range  of  such  stimuli  extending,  e.g., 
over  a  certain  band  of  frequencies.  In  addition  to  this,  some  events 
other  than  the  adequate  stimuli  can  often  set  up  impulses  in  a 
given  nerve  fibre.  An  impulse  in  the  visual  nerves  and  the  conse- 
quent sensation  of  light  may,  for  instance,  be  caused  by  a  blow  on 
the  eyeball. 

1 .30.  The  receptor  organs  thus  already  perform  a  certain  sorting 
out,  or  classification,  of  the  stimuli,  and  there  will  be  no  strict 
correspondence  between  the  different  stimuli  and  the  different 
impulses.  Moreover,  only  a  small  part  of  the  physical  events  in  our 
environment  are  capable  of  acting  as  stimuli  or  are  recorded  by 
impulses  in  the  nerve  fibres.  Of  the  continuous  range  of  electro- 
magnetic waves  only  a  very  small  band  acts  on  our  organs  of 
vision  while  by  far  the  greater  part  of  this  range  does  not  act  as 
a  stimulus  on  our  nerves. 

1.3 1.  Impulses  in  a  particular  sensory  nerve  fibre  may  thus  be 
set  up  by  any  one  of  a  group  of  stimuli  which  physically  may  be 
similar  or  altogether  different.  But  if  a  given  fibre  responds  to  any 
of  these  stimuli,  the  character  of  the  impulse  transmitted  will 
always  be  the  same,  irrespective  of  the  nature  of  the  stimulus. 
The  effect  of  the  impulse  is  independent  of  the  nature  of  the 
particular  kind  of  stimulus  which  evokes  it,  and  any  characteristic 
effects  which  this  particular  impulse  brings  about  must  therefore 
be  due  to  something  connected  with  that  impulse  and  not  to  any 
attributes  of  the  stimulus. 

1.32.  This  is  the  main  contention  of  the  so-called  principle  of 
the  specific  energy  of  nerves.  When  it  was  first  enounced  by 
Johannes  Miiller,  it  was  aimed  against  the  conception  that  the 
nervous  impulses  transmitted  some  attribute  of  the  stimulus  to 
the  brain;  and  it  was  intended  to  emphasize  that  the  sensation 
produced  depended  solely  on  the  fibre  which  carried  the  impulse 
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and  not  on  what  had  caused  that  impulse.  The  form  in  which  it 
was  stated,  however,  was  not  free  from  ambiguity  and  soon  gave 
rise  to  a  new  misconception. 

1.33.  The  fact  that  the  theory  was  called  the  theory  of  the 
specific  energy  of  nerves  led  to  its  being  connected  with  one 
particular  alternative  explanation  of  the  determination  of  sensory 
qualities  which  is  no  less  questionable  than  the  theory  which  it 
was  intended  to  displace.  On  this  interpretation  it  was  understood 
to  mean  that,  if  it  was  not  the  physical  properties  of  the  stimuli 
which  determined  the  quality  of  the  resulting  sensations,  it  must 
be  some  property  of  the  individual  impulses  proceeding  in  the 
different  fibres  which  in  some  sense  'corresponds'  to  the  differences 
of  the  sensory  qualities. 

1.34.  Although  this  is  by  no  means  a  necessary  consequence  of 
the  proposition  which  Johannes  Miiller  had  been  anxious  to 
establish,  it  was  widely  assumed,  in  fact,  that  the  sensory  qualities 
produced  by  impulses  in  different  fibres  would  be  different,  similar 
or  equal  according  as  the  physical  properties  of  the  corresponding 
impulses  differed  from  or  resembled  each  other.  This  interpreta- 
tion was  to  some  extent  suggested  by  Miiller's  own  formulation  of 
the  theory  in  which  he  asserted  more  than  was  necessary  to 
establish  his  conclusions.  In  his  summary  of  his  theory  he  stated 
that  'the  sensation  is  not  the  conduction  of  a  quality  or  state  of 
an  external  body  to  the  consciousness,  but  the  conduction  to  the 
consciousness  of  a  quality  or  state  of  our  sensory  nerves  induced  by  an 
external  cause' ;  ^  and  he  went  on  to  emphasize  that  these  qualities 
are  different  with  the  different  senses. 

1 .35.  The  recognition,  however,  that  the  difference  of  the  sensory 
qualities  is  not  due  to  the  communication  of  a  difference  in  the 
stimuli  does  by  no  means  make  the  conclusion  inevitable  that  it 
must  then  be  a  difference  in  the  properties  of  the  impulses  taking 
place  in  the  different  fibres,  which  accounts  for  them.  To  interpret 
the  theory  of  the  specific  energy  of  nerves  in  this  sense  is  merely  to 
accept  at  this  stage  an  explanation  similar  to  that  rejected  at  the 

^Johannes  Miiller,  1838,  I.  p.  780  and  H,  p.  262.  What  we  regard  as  the  ille- 
gitimate interpretation  of  the  theory  of  the  specific  energy  of  nerves  was  later 
explicitly  formulated  by  G.  E.  Miiller  (1896)  in  the  second  of  his  five  'psycho- 
physical axioms'  (see  E.  G.  Boring,  1942,  p.  89)  and  became  widely  known 
mainly  in  the  form  in  which  it  was  expounded  by  H.  Hering,  1885,  1913.  The 
basic  idea  has  recently  been  revived  by  P.  Weiss,  1941,  and  R.  W.  Sperry,  1945. 
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earlier  stage:  the  specific  character  of  the  effect  of  a  particular 
impulse  need  be  neither  due  to  the  attributes  of  the  stimulus 
which  caused  it,  nor  to  the  attributes  of  the  impulse,  but  may  be 
determined  by  the  position  in  the  structure  of  the  nervous  system 
of  the  fibre  which  carries  the  impulse.^ 

1 .36.  We  do  not  only  possess  no  information  which  would  entitle 
us  to  assume  that  the  impulses  carried  by  the  different  fibres  differ 
qualitatively,  but,  what  is  more  important,  it  also  seems  impossible 
to  conceive  of  such  differences  between  the  physical  attributes  of 
the  individual  impulses  that  they  could  be  said  in  any  sense  to 
'correspond'  to  the  differences  of  the  sensory  qualities.  Even  if 
qualitative  differences  between  the  impulses  were  discovered,  this 
would  not  yet  provide  an  answer  to  our  problem.  It  would  still 
be  necessary  to  show  how  these  differences  in  quality  determined 
the  different  effects  which  the  different  impulses  exercise  upon 
each  other;  and  while  it  is  conceivable  that  these  latter  differences 
may  be  connected  with  differences  in  their  individual  physical 
attributes,  this  need  not  be  so.  The  important  point  here  is  that 
no  differences  of  the  individual  impulses  as  such  would  provide 
an  explanation  of  the  differences  between  their  mental  equivalents, 
and  that  any  differences  of  their  causal  connexions  with  each  other 
seem  at  least  as  likely  to  be  due  to  structural  connexions  as  to 
qualitative  affinities.  This  is  important  especially  because  the  hope 
of  thereby  providing  an  explanation  of  the  differences  in  mental 
qualities  appears  to  have  been  the  prime  motive  for  the  persistent 
and  unsuccessful  search  for  'specific  energies',  and  because  the 
same  conception  seems  also  largely  responsible  for  the  persistence 
of  the  belief  in  a  'pure  core'  of  sensation.^ 

1.37.  The  evidence  which  we  possess  suggests,  in  fact,  that  the 
impulses  carried  by  the  different  fibres,  at  least  within  any  one 
sense  modality,  are  qualitatively  identical,  so  that,  if  we  were  to 
cut  two  sensory  fibres  and  to  re-connect  the  lower  part  of  each 
with  the  upper  part  of  the  other,  they  would  still  function  but 
exchange  the  results  which  an  impulse  in  either  would  cause.  It 
seems,  therefore,  that  the  cause  of  the  specific  effects  of  the  impulses  , 
in  different  fibres  must  be  sought,  not  in  the  attributes  of  the  indi- 
vidual impulses,  but  in  the  position  of  the  fibre  in  the  central 
organization  of  the  nervous  system. 

iC.  T.  Morgan,  1943,  p.  298;  R.  S.  Woodworth,  1938,  p.  465. 
^E.  G.  Boring,  1942,  p.  84. 
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4.    DIFFERENCES    IN    QUALITY    ARE    DIFFERENCES    IN    THE 

EFFECTS 

1.38.  That  the  similarities  and  differences  between  the  ex- 
perienced sensory  quahties  do  not  correspond  strictly  to  the 
differences  and  similarities  between  the  physical  attributes  of  the 
stimuli  has  become  most  familiar  in  connexion  with  the  perception 
of  configurations  or  gestalts.  We  all  readily  recognize  as  the  same 
tune  two  different  series  of  tones,  or  as  the  same  shape  or  figure 
structures  of  different  size  and  colour.  In  all  these  instances  groups 
of  stimuli  which  individually  may  be  altogether  different  do  yet  as 
groups  evoke  the  same  sensory  quality  or  are  classified  by  our 
senses  as  the  same  gestalt. 

1.39.  But,  though  the  fact  that  physically  different  stimuli  pro- 
duce similar  sensory  qualities  is  perhaps  most  conspicuous  in 
connexion  with  the  perception  of 'wholes',  it  is  no  less  present  or  less 
important  where  more  simple  or  'elementary'  sensations  are  con- 
cerned. The  fact  that  physically  similar  stimuli  which  act  on 
different  individual  receptors  and  therefore  set  up  impulses  in 
different  fibres  evoke  the  same  sensory  quality  raises  a  real  prob- 
lem. And  the  question  why  different  physical  stimuli  for  which 
different  receptor  organs  are  sensitive,  and  even  physically  similar 
stimuH  acting  on  different  kinds  of  receptor  organs,  should  produce 
different  sensations  raises  a  problem  of  the  same  character. 

1.40.  While  as  a  rule  the  same  kind  of  physical  stimuli  acting  on 
different  receptor  organs  produce  the  same  sensory  quality,  this 
is  generally  true  only  if  they  act  on  receptors  of  the  same  kind  and 
even  then  not  in  all  instances.  The  same  vibration  which,  if  per- 
ceived through  the  ear,  will  be  experienced  as  a  sound,  may  be 
experienced  as  a  vibration  by  the  sense  of  touch.  In  other  in- 
stances 'the  same  external  agent  in  one  case  produces  light,  in 
another  warmth.'^  The  same  temperature  may  be  experienced  as 
hot,  cold,  or  pain  according  as  it  affects  different  end  organs.  ^  The 
same  chemical  stimulus  may  produce  different  sensory  qualities 
according  as  it  affects  the  mucous  membranes  of  the  eye  or  of  the 
mouth.  3  And  an  electrical  stimulation  seems  to  be  capable  of 
evoking  an  even  greater  variety  of  different  sensations.  Moreover, 
even  the  same  stimulus  affecting  the  same  receptors  may  produce 

IE.  Hering,  1885,  (1913)  p.  26. 
-H.  Head,  1920,  II  p.  807. 
^R.  W.  Moncrieff,  1944,  p.  32. 
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different  sensations  according  as  different  other  stimuli  operate 
at  the  same  time  on  other  parts  of  the  nervous  system. 

1.4 1.  The  same  sensory  quahty,  on  the  other  hand,  may  be 
evoked  by  different  physical  stimuli.  This  happens  not  only  where 
a  particular  receptor  organ  is  excited  by  several  different  stimuli. 
In  such  a  case  any  one  of  the  different  stimuli  will,  of  course,  evoke 
the  same  impulse.  But  impulses  or  groups  of  impulses  set  up  in 
different  fibres  by  different  stimuli  also  often  produce  the  same 
sensory  quality.  The  classical  instance  is  the  case  of  colour  vision 
and  particularly  the  sensation  of  'white'  which  can  be  produced 
by  an  infinite  variety  of  different  mixtures  of  light  rays.  But  this 
same  fact  that  physically  different  stimuli  acting  on  different  kinds 
of  receptors  produce  the  same  sensory  qualities  seem  to  be  of  very 
frequent  occurrence. 

1.42.  There  exists,  therefore,  no  one-to-one  correspondence  be- 
tween the  kinds  (or  the  physical  properties)  of  the  different 
physical  stimuli  and  the  dimensions  in  which  they  can  vary,  on  the 
one  hand,  and  the  different  kinds  of  sensory  qualities  which  they 
produce  and  their  various  dimensions,  on  the  other.  The  manner 
in  which  the  different  physical  stimuli  can  vary  and  the  different 
physical  dimensions  in  which  they  can  be  arranged  have  no  exact 
counterpart  in  the  manner  in  which  the  sensory  qualities  caused 
by  them  will  differ  from  each  other,  or  in  the  dimensions  in  which 
these  sensory  qualities  can  be  arranged.  This  is  the  central  fact 
to  which  we  have  referred  when  we  insisted  that  the  two  orders, 
the  physical  order  of  the  stimuli  and  the  phenomenal  or  mental 
order  of  the  sensory  qualities,  are  different. 

1 .43.  It  has  long  been  believed  that,  e.g.,  in  the  field  of  vision  the 
three  dimensions  of  the  stimulus,  wave-length,  homogeneity  and 
intensity  correspond  to  the  three  phenomenal  dimensions  of  visual 
experience,  hue,  saturation  and  brightness,  and  that  similarly  in 
the  field  of  hearing  frequency  and  intensity  as  physical  dimensions 
of  the  stimulus  correspond  to  pitch  and  loudness  respectively  as  the 
phenomenal  dimensions  of  sensation.  Recent  work,  however,  has 
amply  shown  that  within  any  given  modality  a  change  in  one 
dimension  of  the  stimulus  may  affect  almost  any  dimension  of  the 
sensation.  Hue  depends  not  only  on  wave-length  but  also  on  inten- 
sity; pitch  not  only  on  frequency  but  also  on  intensity.^ 

iSee,e.g.,S.S.Stevens,i934;  S.S.Stevens  andH.Davis,  1938, p.  160;  E.G.Boring, 
1 942,  pp.  89, 3  76 ;  F.  L.  Dimmick  in  Boring,  Langfeld  and  Weld,  1 948,  pp.  2  70-280. 
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1.44.  The  orders  or  dimensions  of  the  stimuli  and  of  the  sensa- 
tions, moreover,  not  only  show  no  one-to-one  correspondence; 
they  also  differ  in  their  general  character.  Any  one  of  the  physical 
dimensions  of  light  and  particularly  wave-length  which  is  mainly 
(though  not  exclusively)  the  cause  of  variation  in  colour,  varies 
on  a  Hnear  scale,  while  phenomenal  colours  can  be  arranged  in  a 
continuous  circle  in  which  the  order  of  the  wavelength  is  pre- 
served, but  the  gap  between  the  two  extremes  of  the  spectrum, 
yellowish  red  and  violet,  is  closed  by  pure  (or  'unique')  red  and 
purple  which  correspond  to  no  distinct  wave-length  but  can  be 
produced  only  by  various  mixtures  of  different  wave-lengths. 
Moreover,  continuous  variations  of  the  stimuU  often  produce 
discontinuous  variations  in  the  sensory  qualities^,  while  in  at  least 
one  case  a  continuous  variation  in  the  sensory  qualities,  namely 
from  cold  to  hot,  is  brought  about  by  what  we  must  regard  as  a 
discontinuous  variation  of  the  stimuli,  since  the  objectively  con- 
tinuous variation  of  temperature  acts  on  the  organism  through 
different  receptor  organs. 

1.45.  It  may  be  generally  said  that  the  organization  of  the 
sensory  order,  as  represented  by  the  various  geometrical  figures 
(such  as  the  colour  octohedron,  Titchener's  touch  pyramid, 
Henning's  smell  prism  and  taste  tetrahedron)  by  which  psycholo- 
gists have  described  the  dimensions  in  which  the  sensory  quaHties 
vary,  are  by  no  means  identical  with  the  order  of  the  correspond- 
ing physical  stimuli  and  often  differ  very  substantially  from  them. 
The  fact  that  the  two  orders  resemble  each  other  in  some  degree 
must  not  obscure  the  fact  that  they  are  distinct  and  different 
orders. 

1 .46.  When  we  speak  of  the  physical  order  we  mean  by  similarity 
of  two  events  that  they  will  produce  the  same  effects  in  certain 
circumstances  but  not  in  others.  Different  physical  events  can 
evidently  be  similar  to  each  other  both  in  different  degrees  and 
also  in  different  respects:  two  events  may  each  be  similar  to  a 
third  but  not  be  similar  to  each  other.  In  other  words,  similarity 
is  a  non-transitive  relation. 

1 .47.  The  same  is  true  with  regard  to  mental  events.  Two  sensory 
qualities  will  be  equal  if  their  effects  on  other  mental  events  or  on 
behaviour  will  be  the  same  in  all  respects.  They  may  be  similar  in 
varying  degrees  and  in  different  respects  according  as  they  will 

^V.  V.  Weizsaecker,  1947  [1940],  pp.  15-16. 
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evoke  the  same  other  mental  events  or  the  same  behaviour  in 
certain  circumstances  but  not  in  others. 

1.48.  It  will  now  be  clearer  what  we  mean  when  we  speak  of  the 
two  orders  of  events,  the  physical^  and  the  phenomenal  or  mental 
order.  Some  events  will  occupy  definite  positions  in  both  orders, 
but  the  relations  between  several  such  events  in  each  of  the  two 
orders  may  be  different.  Some  events  in  the  physical  order,  such  as 
electrical  currents  which  we  can  only  infer,  will  have  no  corres- 
ponding events  in  the  phenomenal  order;  and  some  events  in  the 
phenomenal  order,  such  as  images  or  illusions  which  are  not  pro- 
duced by  external  stimuli,  will  have  no  counterpart  in  the 
physical  order.  While  there  will  thus  be  some  degree  of  corres- 
pondence between  the  individual  events  which  occur  in  the  two 
orders,  it  will  be  but  a  very  imperfect  correspondence. 

1.49.  What  we  call  'mind'  is  thus  a  particular  order  of  a  set  of  events 
taking  place  in  some  organism  and  in  some  manner  related  to  but  not 
identical  with,  the  physical  order  of  events  in  the  environment.^  The 
problem  which  the  existence  of  mental  phenomena  raises  is  there- 
fore how  in  a  part  of  the  physical  order  (namely  an  organism)  a 
sub-system  can  be  formed  which  in  some  sense  (yet  to  be  more 
fully  defined)  may  be  said  to  reflect  some  features  of  the  physical 
order  as  a  whole,  and  which  thereby  enables  the  organism  which 
contains  such  a  partial  reproduction  of  the  environmental  order 
to  behave  appropriately  towards  its  surroundings.  The  problem 
arises  as  much  from  the  fact  that  the  order  of  this  sub-system  is  in 
some  respects  similar  to,  as  from  the  fact  that  it  is  in  other  respects 
different  from  the  corresponding  more  comprehensive  physical 
order.  The  meaning  of  the  conception  of  an  'order'  will  be  further 
explained  in  the  next  chapter  (2.28-2.30). 

1.50.  In  recent  physiological  psychology  these  problems  have 
received  attention,  mainly  owing  to  the  work  of  H.  Kliiver,  under 
the  headings  of  equivalence  of  stimuli  and  of  sensory  generalization. 
Kliiver's  original  statement  of  the  problem  is  probably  still  the 

^It  is,  perhaps,  not  inappropriate  at  this  point  explicitly  to  remind  the  reader 
that  in  this  context  'physical  order'  refers  exclusively  to  the  order  of  the  external 
stimuli  and  not  to  the  order  of  the  physiological  impulses  which,  of  course,  also 
form  part  of  the  physical  order  in  a  wider  sense.  The  nature  of  this  order  of  the 
impulses  will  be  considered  in  the  next  chapter. 

^Cf.,  G.  Ryle,  1949,  p.  167:  'When  we  speak  of  a  person's  mind  .  .  .  [we  are 
speaking  of]  .  .  .  certain  ways  in  which  some  of  the  incidents  of  his  life  are 
ordered.' 
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clearest  exposition  of  it  to  be  found  in  the  literature.  ^  Merely 
another  aspect  of  the  same  problem  is  the  phenomenon  of  transfer 
of  acquired  responses  from  a  given  stimulus  to  others,  which  is  of 
course  the  process  through  which  phenomenal  similarity  manifests 
itself  in  behaviour.  Yet,  though  the  central  character  of  this  prob- 
lem is  now  fairly  generally  recognized,  it  is  usually  mentioned 
merely  to  point  out  that  it  is  'one  of  the  most  perplexing  problems 
to  be  faced' 2  or  'the  recognized  stumbling  block  to  all  simple 
mechanical  hypotheses  of  habit  formation.'^ 

1.5 1.  Equivalence,  generalization  and  transfer  are  all  instances 
of  identity  of  the  effects  of  different  stimuli,  while  discrimination 
means  a  difference  in  the  effect  of  individual  stimuli  or  groups  of 
stimuli.  The  qualitative  order  of  the  sensations  which  manifests 
itself  in  these  phenomena  is  thus  a  difference  in  the  order  in  which 
the  stimuli  in  various  combinations  produce  different  effects ;  and 
sensory  qualities  can  be  regarded  as  groups  or  classes  of  events 
which,  with  respect  to  the  responses  of  the  organism,  are  identical, 
similar  or  different  in  their  effects.  The  order  of  sensory  qualities 
thus  is  identical  with  the  totality  of  the  differences  of  the  effects 
which  the  different  nervous  impulses  will  produce  in  different 
circumstances.  If  we  can  explain  the  process  which  determines  the 
differential  responses  of  the  organism  to  the  various  physical 
stimuli,  we  have  at  the  same  time  also  explained  the  qualitative 
order  which  is  the  peculiar  characteristic  of  mental  phenomena. 

1.52.  The  significance  of  this  statement,  which  in  its  bare  form 
may  sound  more  'behaviouristic'  than  it  is  intended,  will  become 
clearer  when  we  examine  the  kinds  of  different  'effects'  which  have 
to  be  considered  in  this  connexion  (2.23-2.26).  At  this  point  it 
need  only  be  pointed  out  that  by  the  term  'effects'  we  do  not  mean 
only,  or  even  mainly,  overt  behaviour  or  peripheral  responses,  but 
shall  include  all  the  central  nervous  processes  caused  by  the 

iH.  Kliiver,  1933,  especially  pp.  330-332;  1935,  p.  109;  and  1949,  p.  404.  A 
clear  statement  is  also  to  be  found  in  E.  R.  Hilgard  and  D.  G.  Marquis,  1940, 
p.  176:  'The  basic  facts  of  stimulus  equivalence  and  response  equivalence  are 
not  limited  in  application  to  conditioned  responses,  but  are  true  of  reflexes  and 
of  complex  voluntary  responses.  Every  response  is  elicitable  not  just  by  one 
stimulus  but  by  a  class  of  stimuli.  Correspondingly,  every  stimulus  elicits,  not 
just  one  response,  but  one  of  a  class  of  responses.'  (Italics  ours), 
2G.  T.  Morgan,  1943,  p.  514. 
^E.  D.  Adrian,  1947,  p.  82. 
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initial  impulses,  even  though  we  may  be  able  only  indirectly  to 
infer  their  existence. 

1.53.  Our  problem  is  then  to  show  how  it  is  possible  to  build 
from  the  known  elements  of  the  nervous  processes  a  structure  of 
intermediate  links  between  the  physical  stimuli  and  the  overt 
responses  which  can  account  for  the  fact  that  the  responses  to 
different  stimuli  differ  from  each  other  in  precisely  that  fashion 
in  which  we  know  the  responses  to  the  experienced  sensory  quali- 
ties to  differ  from  each  other.  We  must  show  that  from  the  known 
physiological  elements  a  structure  can  be  formed  which  can 
differentiate  between  different  impulses  passing  through  it  in 
exactly  the  same  manner  in  which  our  sensory  experience  dif- 
ferentiates between  the  different  stimuli. 

1.54.  Our  problem  must  therefore  be  stated  in  terms  of  the 
relationships  (of  equality,  similarity,  difference,  etc.)  existing 
between  the  sensory  qualities.  It  can  be  answered  only  by  showing 
that  a  strictly  equivalent  system  of  relationships  can  exist  between 
physiological  events  so  that  the  effects  of  any  event  or  any  group 
of  events  in  that  system  will  produce  a  set  of  effects  strictly  corres- 
ponding to  the  effects  the  corresponding  sensory  qualities  will  pro- 
duce. (The  reader  should  observe  already  at  this  stage  that  this 
does  not  imply  that  any  given  physiological  event  will  always 
produce  the  same  effects  irrespective  of  the  other  physiological 
events  occurring  at  the  same  time.  On  this  and  on  the  general 
danger  of  a  too  narrow  interpretation  of  the  conception  of  a  one- 
to-one  correspondence  between  the  sensory  and  the  neural  order 
see  below  2 . 1 0-2 .13.) 

1.55.  This  contention  implies  that  if  we  can  explain  how  all  the 
different  sensory  qualities  differ  from  each  other  in  the  effects 
which  they  will  produce  whenever  they  occur,  we  have  explained 
all  there  is  to  explain;  or  that  the  whole  order  of  sensory  qualities 
can  be  exhaustively  described  in  terms  of  (or  'consists  of  nothing 
but')  all  the  relationships  existing  between  them.^  There  is  no 
problem  of  sensory  qualities  beyond  the  problem  of  how  the 

^That  this  is  the  consistent  development  of  the  approach  started  by  John  Locke 
was  clearly  seen  by  T.  H.  Green  who  argued  (1884,  p.  23)  that  'if  we  take  him 
[Locke]  at  his  word  and  exclude  from  what  we  have  considered  real  all 
qualities  constituted  by  relation,  we  find  that  none  are  left.  Without  relation 
any  simple  idea  would  be  undistinguished  from  other  simple  ideas,  undermined  ' 
by  its  surroundings  in  the  cosmos  of  existence.'  See  also  ibid.,  p.  31. 
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different  qualities  differ  from  each  other — and  these  differences 
can  only  consist  of  differences  in  the  effects  which  they  exercise  in 
evoking  other  qualities,  or  in  determining  behaviour. 


5.    THE    UNITARY    CHARACTER    OF   THE    SENSORY    ORDER 

1 .56.  The  conclusion  to  which  we  have  been  led  means  that  the 
order  of  sensory  qualities  no  less  than  the  order  of  physical  events 
is  a  relational  order — even  though  to  us,  whose  mind  is  the  totality 
of  the  relations  constituting  that  order,  it  may  not  appear  as  such. 
The  difference  between  the  physical  order  of  events  and  the  pheno- 
menal order  in  which  we  perceive  the  same  events  is  thus  not  that 
only  the  former  is  purely  relational,  but  that  the  relations  existing 
between  corresponding  events  and  groups  of  events  in  the  two 
orders  will  be  different. 

1.57.  The  order  of  the  sensory  qualities  is  difficult  to  describe, 
not  only  because  we  are  not  explicitly  aware  of  the  relations  be- 
tween the  different  qualities  but  merely  manifest  these  relations 
in  the  discriminations  which  we  perform,^  and  because  the  number 
and  complexity  of  these  relations  is  probably  greater  than  any- 
thing which  we  could  ever  explicitly  state  or  exhaustively  describe, 
but  also  because,  as  we  shall  see,  it  is  not  a  stable  but  a  variable 
order.  Yet  we  must  attempt  here  to  describe  at  least  certain 
general  characteristics  of  that  order,  because  our  problem  is 
whether  we  can  account  for  at  least  the  kind  of  properties  which 
it  possesses,  even  if  we  cannot  explain  its  detailed  arrangement. 

1 .58.  One  main  point  about  this  order  is  that,  in  spite  of  its 
division  into  the  different  modalities,  it  is  still  a  unitary  order,  in 
the  sense  that  any  two  events  belonging  to  it  may  in  certain 
definite  ways  resemble  each  other  or  differ  from  each  other.  Any 
colour  and  any  smell,  any  tone  and  any  temperature,  or  any 
tactual  sensation  such  as  smoothness  or  wetness  and  any  experience 
of  shape  or  rhythm  may  yet  have  something  in  common,  or  be  at 
least  in  some  sense  akin  to  or  in  contrast  with  one  another. 
Experiments  have  shown  that  these  experienced  similarities  extend 
much  further  than  we  are  usually  aware  of  and  that,  e.g.,  even  a 

^This  distinction  is  probably  the  same  as,  or  closely  related  to,  that  between 
'Knowing  How'  and  'Knowing  That'  so  well  brought  out  by  G.  Ryle,  1945 
and  1949. 
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person  who  at  first  thinks  such  an  attempt  nonsense,  has  no  diffi- 
cuky,  once  he  can  bring  himself  to  try,  to  find  a  tone  whose 
brightness  is  the  same  as  that  of  the  smell  of  lilac.  ^ 

1 .59.  Some  qualities,  especially  those  which,  like  colours  or  tones, 
are  connected  into  qualitative  continua  and  which,  since  Helm- 
holtz,  we  describe  as  forming  distinct  modalities,  probably  always 
seem  to  belong  more  closely  together  than  others  such  as,  e.g.,  the 
sensations  of  pressure,  pain,  and  temperature,  which  used  to  be 
regarded  as  belonging  to  the  one  sense  of  touch  but  do  not  form 
one  modality  in  the  sense  just  defined.  But  when  we  try  to  describe 
the  differences  between  different  qualities  belonging  to  the  same 
modality,  such  as  different  colours,  we  find  that  in  order  to  do  so 
we  usually  resort  to  expressions  borrowed  from  other  modalities. 
One  colour  may  be  warmer  or  heavier  or  louder  than  another,  one 
tone  brighter  or  rougher  or  thicker  than  another.  This  indicates 
that,  though  in  some  respects  one  particular  colour  or  one  particu- 
lar tone  may  be  most  closely  related  to  other  colours  or  other  tones 
respectively,  yet  in  other  respects  they  may  be  closer  to  qualities 
belonging  to  different  modalities. 

1.60.  Although  within  any  given  modality  qualities  vary  con- 
tinuously ^  they  need  not  vary  in  a  constant  direction  or  dimension. 
While  it  is  true  of  tones  that  if  one  tone  is  higher  than  a  second, 
and  a  third  higher  than  the  first,  the  third  will  also  be  higher  than 
the  second,  we  cannot  similarly  say  that,  because  orange  is 
yellower  than  red  and  green  bluer  than  orange,  green  is  therefore 
either  more  yellow  or  more  blue  than  red.  While,  with  regard  to 
pitch,  tones  can  be  arranged  in  one  linear  scale,  colours  do  not, 
in  this  sense,  vary  in  a  single  direction. 

1 .6 1 .  It  makes  sense,  on  the  other  hand,  to  say  that  two  different 
colours  differ  in  the  same  manner  in  which  two  different  tempera- 
tures or  weights  do,  or  that  two  tones  differ  similarly  as  do  two 
sensations  of  colour  or  touch.  This  means  that  qualities  of  dif- 
ferent modalities  may  vary  along  similar  or  parallel  directions  or 
dimensions,  or  that  the  same  kind  of  differences  can  occur  in 
different  modalities.  It  is,  e.g.,  part  of  the  difference  between  blue 
and  red  that  blue  is  associated  with  coolness  and  red  with  warmth. 

^E.  M.  von  Hornbostel,  1925,  p.  290. 

^Some  doubt  has  recently  been  throvyn  even  on  the  complete  continuity  of  the 
qualities  within  one  modality  and  the  existence  of  sensory  'quanta'  suggested 
by  S.  S.  Stevens  and  J.  Volkman,  1940  and  1941. 

20 


THE  NATURE  OF  THE  PROBLEM 
There  exist  apparently  certain  intermodal  or  intersensory  attri- 
butes, and  with  regard  to  some  of  the  terms  which  we  use  for  them, 
such  as  strong  or  weak,  mild  or  mellow,  tingling  or  sharp,  we  are 
often  not  immediately  aware  to  which  sense  modality  they 
originally  belong.  ^ 

1.62.  In  our  highly  developed  conscious  picture  of  the  sensory 
order  these  intersensory  and  intermodal  relations  are  not  very 
prominent  and  with  the  development  of  conceptual  thought  and 
particularly,  as  a  result  of  the  great  influence  which  sensualism  has 
had  on  it,  in  scientific  thought,  they  are  more  and  more  driven 
back  until  they  are  almost  completely  disregarded. ^  We  may 
become  aware  of  their  existence  only  when  we  attempt  to  describe 
a  particular  sensory  quality  and  in  doing  so  find  ourselves  driven 
to  describe  a  colour  as  soft  or  sweet,  a  tone  as  thin  or  dark,  a  taste 
as  hot  or  sharp,  or  a  smell  as  dry  and  sweet.  There  can  be  little 
doubt  that  these  seemingly  metaphorical  expressions  refer  to  truly 
intersensory  attributes;  and  experimental  tests  have  at  least  in 
some  instances  shown  that  different  people  tend  to  equate  the 
same  pairs  or  groups  of  different  qualities.^ 

1.63.  These  facts  may  also  be  described  by  saying  that  relations 
between  different  qualities  may  in  turn  also  possess  distinct  quali- 
ties, and  that  the  relations  between  different  pairs  or  groups  of 
qualities  belonging  to  different  modalities  may  possess  the  same 
qualities.  These  qualities  attaching  to  the  relations  between 
different  qualities  may  in  turn  be  similar  to  individual  sensory 
qualities.  The  successive  musical  intervals  from  the  second  to  the 
octave,  e.g.,  have  been  described  as  'gritty',  'mellow',   'coarse', 

^See  especially  M,  Schiller,  1932,  and  the  instances  of  terms  borrowed  from 
other  modalities  to  describe  smells  given  by  F.  W.  Hazzard,  1930,  p.  318.  It  is 
also  interesting  to  note  that  the  meaning  of  the  German  word  hell  (bright)  has 
shifted  from  its  original  reference  to  auditory  experience  to  the  visual  field. 
^Very  characteristic  in  this  connexion  is  the  categorical  statement  by  M. 
Planck,  1949  (1941),  p.  87,  that  the  experiences  of  the  different  sensory  fields 
'are  totally  different  from  each  other,  and  have  initially  nothing  in  common. 
There  is  no  immediate,  direct  bridge  between  the  perception  of  colours  and  the 
perception  of  sounds.  An  affinity,  such  as  may  be  assumed  by  many  art  lovers 
to  exist  between  a  certain  shade  of  colour  and  a  certain  musical  pitch,  is  not 
directly  given  but  is  the  creation,  stimulated  by  personal  experiences,  of  our 
reflective  powers  of  imagination.'  The  fact  seems  to  be  the  other  way  round  that 
sophistication  makes  us  overlook  what  is  obvious  to  naive  experience. 
^On  this  and  the  following  see  G.  M.  Hartmann,  1935,  pp.  141-151. 
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'hollow',    'luscious',    'astringent',    and     'smooth'    respectively.^ 

1.64.  These  intermodal  relations  may  occasionally  be  so  strong 
that  different  sensations  belonging  to  one  modality  may  regularly 
be  accompanied  by  the  experience  of  qualities  belonging  to 
another  modality,  as  in  the  case  of  colour-hearing  and  other 
instances  of  synaesthesia.  There  is  some  evidence  that  these  syn- 
aesthetic  modes  of  perception  are  particularly  strong  in  relatively 
early  stages  of  mental  development,  and  that  our  habit  of  thinking 
of  particular  colours  as  primarily  belonging  to  the  range  of  colours, 
or  of  a  tone  primarily  as  being  one  of  a  range  of  tones,  is  the  pro- 
duce of  a  comparatively  late  and  abstract  attitude.  ^ 

1.65.  More  familiar  than  the  facts  of  synaesthesia  is  the  fact  that 
most  sensory  qualities  are  closely  associated  with  certain  affective 
tones  and  that  there  exists  thus  a  close  connexion  between  the 
order  of  sensory  qualities  and  that  of  affective  qualities.  The 
emotional  values  attaching  to  various  sensory  qualities  are  well 
known,  and  there  are  indeed  few  sensory  qualities  which  we  do 
not  regard  at  least  as  either  pleasant  or  unpleasant,  or  as  simply 
good  or  bad.  The  general  relation  between  sensations  and  emo- 
tions or  drives  will,  however,  have  to  be  considered  later  and  cannot 
be  further  examined  at  this  point. 

1 .66.  The  relations  or  connexions  between  different  sensory  (and 
affective)  qualities  find  expression  in  the  expectations  which  their 
occurrence  arouses.  A  red  colour  does  not  merely  evoke  the  image 
of  warmth  but  we  shall  be  rather  surprised  if  a  red  objects  turns 
out  to  be  very  cold;  and  a  certain  smell  will  not  only  conjure  up 
certain  tastes  but  we  shall  be  shocked  if  a  deliciously  smelling 
fruit  turns  out  to  have  a  vile  taste.  In  this  way  certain  groups  of 
qualities  tend  to  'belong'  together,  and  particular  qualities  come 
to  'mean'  to  us  certain  other  qualities. 

1.67.  Whether  the  facts  briefly  summarized  in  this  section  do  or 
do  not  justify  the  assertion  of  a  'Unity  of  the  Senses'  in  such  a 
manner  that  'all  senses  are  alike  in  respect  to  their  attributive 
dimensions',^  they  probably  entitle  us  to  say  that,  directly  or 

^E.  M.  Edmonds  and  M.  E.  Smith,  1923. 

^H.  Werner,  1948,  p.  86.  On  Synaesthesia  see  also  H.  Kleint,  1940,  pp.  56-61, 
K.  Goldstein,  1939,  p.  267  and  for  bibliographies  of  the  extensive  literature  on 
the  subject,  F.  Mahling,  1926,  A.  Argelander,  1927,  and  A.  Wellek,  1931. 
^This  is  the  interpretation  given  to  E.  M.  von  Hornbostel's  conception  of  the 
Unity  of  the  Senses  by  E.  G.  Boring,  1942,  p.  27. 
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indirectly,  all  mental  qualities  are  so  related  to  each  other  that 
any  attempt  to  give  an  exhaustive  description  of  any  one  of  them 
would  make  it  necessary  to  describe  the  relations  existing  between 
all. 


6.    THE    ORDER   OF   SENSORY    Q^UALITIES   NOT    CONFINED 
TO    CONSCIOUS   EXPERIENCE 

1 .68.  We  have  so  far  assumed  that  the  reader  is  familiar  with  the 
system  of  sensory  qualities  from  his  own  conscious  experience  of 
these  quaUties.  This,  however,  is  not  to  be  understood  to  mean  that 
this  particular  classification  of  events  appears  only  in  our  sub- 
jective experience.  Of  course  we  know  this  system  of  qualities  from 
this  source.  But  just  as  experience  tells  us  that  in  their  relations  to 
each  other  things  do  not  always  resemble  each  other  or  differ  from 
each  other  in  the  same  manner  as  they  seem  to  be  alike  or  dif- 
ferent to  us,  so  we  also  learn  that  what  appears  alike  or  different  to 
us  usually  also  appears  ahke  or  different  to  other  men.  Beyond 
this,  it  seems  clear  that  not  only  other  men  in  their  conscious 
action,  but  both  we  and  others  in  unconscious  action,  and  also 
animals,  treat  as  ahke  or  different  not  what  is  so  in  the  physical 
sense,  but  more  or  less  what  in  our  own  conscious  experience 
appears  to  us  to  be  so.  In  other  words,  the  order  of  sensory  quali- 
ties, once  it  is  known,  can  be  recognized  as  present  in  actions  which 
are  not  directed  by  consciousness  or  by  a  human  mind. 

1 .69.  It  would,  of  course,  not  be  possible  to  discuss  the  phenome- 
nal world  with  other  people  if  they  did  not  perceive  this  world  in 
terms  of  the  same,  or  at  least  of  a  very  similar,  order  of  qualities  as 
we  do.  This  means  that  the  conscious  mind  of  other  people  classi- 
fies stimuli  in  a  manner  similar  to  that  in  which  our  own  mind  does 
so,  and  that  the  different  sensory  qualities  are  for  them  related  to 
each  other  in  a  manner  which  is  similar  to  that  which  we  know. 
In  other  words,  although  the  system  of  sensory  qualities  is  'subjec- 
tive' in  the  sense  of  belonging  to  the  perceiving  subject  as  dis- 
tinguished from  'objective'  (belonging  to  the  perceived  objects) — ■ 
a  distinction  which  is  the  same  as  that  between  the  phenomenal 
and  the  physical  order — it  is  yet  inter-personal  and  not  (or  at  least 
not  entirely)  peculiar  to  the  individual. 

1.70.  Nor  is  the  classification  of  stimuli  in  terms  of  sensory 
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qualities  confined  to  conscious  experience.  We  know  that  both  we 
and  other  people  classify  stimuli  in  our  unconscious  responses  (or 
in  responses  to  stimuli  of  which  we  do  not  become  conscious) 
according  to  roughly  the  same  principles  as  we  do  in  our  conscious 
action.^  The  order  of  sensory  qualities  exists  therefore  also  outside 
the  realm  of  consciousness.  If,  as  we  shall  suggest,  we  identify  with 
the  realm  of  mental  phenomena  the  range  of  events  within  which 
a  classification  in  terms  of  sensory  (and  similar  mental)  qualities 
occurs,  this  realm  extends  far  beyond  the  sphere  of  conscious  events 
which  merely  constitute  a  special  group  within  the  more  compre- 
hensive class  of  mental  events. 

1.7 1.  It  is  possible,  finally,  to  ascertain  by  various  experimental 
methods  that  not  only  other  men  but  also  most  higher  animals 
classify  stimuli  according  to  an  order  which  is  similar  to  that  of 
our  own  sensory  experiences.  It  has  even  been  shown  that  some 
animals,  e.g.,  chicks  in  the  famous  Revesz  experiment,  ^  are  subject 
to  the  same  optical  illusions  as  men.  We  must  therefore  conclude 
that  the  general  principles  according  to  which  the  neural  system 
of  the  higher  animals  classifies  stimuli  are,  at  least  in  their  general 
outline,  similar  to  those  on  which  our  own  mind  operates. 

1.72.  While  it  has  been  inevitable  that  in  introducing  our  problem 
we  started  from  the  conscious  experience  of  sensory  qualities,  this 
proves  now  to  be  only  one  particular  aspect  of  a  wider  problem.  In 
the  further  discussion  we  shall  treat  conscious  experience  as  merely 
a  special  instance  of  a  more  general  phenomenon,  and  speak  of 
mental  phenomena  whenever  we  deal  with  any  events  which  are 
ordered  on  principles  analogous  to  those  revealed  by  conscious 
experience.  All  further  consideration  of  the  peculiar  additional 
attributes  which  a  mental  event  in  this  sense  must  possess  in  order 
to  be  described  as  'conscious'  will  be  postponed  to  a  later  stage 
(Chapter  VI). 

1.73.  It  has  undoubtedly  been  unfortunate  for  the  development 
of  psychology  that  the  distinguishing  attribute  of  its  object  was  so 
long  considered  to  be  the  'conscious'  character  of  experience,  and 
that  no   definition  of  mental  events  was  available  which  was 

^For  the  fact  that  this  applies  even  to  responses  to  configurations  see  K.  Lorenz, 
1943,    p.    323;    and    on    subconscious    discrimination    ('subception')    R.    A. 
McGleary  and  R.  S.  Lazarus,  1949,  p.  178. 
^G.  Revesz,  1924,  and  G.  N.  Winslow,  1933. 
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independent  of  this  conscious  character.^  The  sphere  of  mental 
events  evidently  transcends  the  sphere  of  conscious  events  and 
there  is  no  justification  for  the  attitude  frequently  met  that  either 
identifies  the  two  or  even  maintains  that  to  speak  of  unconscious 
mental  events  is  a  contradiction  in  terms.  ^ 

1.74.  But  although  we  can  agree  with  the  Behaviourists  in  de- 
ploring the  exclusive  concentration  of  the  older  psychology  on 
conscious  events,  they  themselves,  in  their  endeavour  to  get  rid  of 
consciousness  have  gone  to  the  opposite  extreme  and  with  the 
problem  of  consciousness  have  tried  to  eliminate  the  problem  of 
the  existence  of  the  qualitative  order  which  is  peculiar  to  mental 
phenomena.  This  problem,  as  we  shall  see,  cannot  be  disregarded 
even  if  we  want  merely  to  account  for  observed  behaviour. 


7.    THE   DENIAL    OR   DISREGARD    OF    OUR   PROBLEM   BY 
BEHAVIOURISM 

1.75.  It  will  help  to  bring  out  more  clearly  the  precise  meaning 
of  our  problem  if  we  contrast  our  approach  with  that  of  two  other 
points  of  view  which  require  either  less  or  more  of  any  explanation 
of  sensory  perception  than  our  statement  of  the  problem  demands. 
This  and  the  next  section  will  accordingly  be  devoted  to  an  exami- 
nation, firstly,  of  the  views  of  a  school  of  thought  which  either 
explicitly  denied  the  existence  of  our  problem,  or  at  least  pro- 
ceeded as  if  it  did  not  exist;  and,  secondly,  to  the  consideration  of 

^Gf.,  E.  B.  Holt,  1937,  p.  41:  'Every  school  of  psychology  since  certainly  before 
the  time  of  Herbart  has  found  that  by  far  the  greater  portion  of  the  sensations, 
ideas  and  processes  which  must  be  called  "mental"  never  become  explicitly 
conscious :  they  are  not  perceived  and  cannot  by  any  known  process  of  intro- 
spection be  perceived.'  Also  the  passage  quoted  by  Holt  from  S.  Freud,  1918, 
p.  9,  where  the  latter  says  that  'mental  processes  in  and  of  themselves  are 
unconscious  and  the  conscious  are  merely  isolated  acts  and  passages  in  the  total 
life  of  the  mind.'  Cf.,  also  E.  G.  Boring,  1948,  on  the  use  of  the  term  'uncon- 
scious mind.' 

^Several  examples  of  the  identification  of  'mental'  and  'conscious'  are  given  by 
J.  G.  Miller,  1942,  pp.  24fF.  C.J.  Herrick,  1926,  p.  280  says  that  'the  dynamic 
view  of  consciousness  here  adopted  makes  such  expressions  as  "the  unconscious 
mind"  impossible  contradictions.'  H.  Head,  1920,  II,  p.  747,  states  that 
'sensation,  in  the  strict  sense  of  the  term,  demands  the  existence  of  conscious- 
ness.' M.  Planck,  1949,  p.  66  also  describes  a  'science  of  the  unconscious  or 
subconscious  mind'  as  'a  contradiction  in  terms,  a  self-contradiction.' 

25 


THE  SENSORY  ORDER 
an  opposite  point  of  view  which  would  probably  maintain  that 
even  if  a  complete  answer  to  our  problem  were  achieved,  there 
would  still  remain  unsolved  a  significant  problem  concerning  the 
'absolute'  or  'intrinsic'  nature  of  sensory  qualities. 

1.76.  The  point  of  view  which  denies,  at  least  by  implication, 
that  ours  is  a  genuine  problem  is  (or  was?)  represented  mainly  by 
the  classical  behaviourists^  and  by  similar  schools  aiming  at  a 
strictly  'objective'  psychology.  These  schools  maintained  that 
psychology  can  entirely  dispense  with  any  knowledge  of  the  sub- 
jectively experienced  mental  qualities,  and  that  it  ought  to  confine 
itself  to  the  study  of  bodily  responses  to  physical  stimuli. 

1.77.  All  the  schools  of  psychology  which  thus  claim  to  confine 
themselves  to  observed  physical  facts,  are,  however,  in  fact,  always 
and  inevitably  inconsistent  in  their  procedure:  they  never  really 
avoid  using  knowledge  which  according  to  their  professed  prin- 
ciples they  have  no  right  to  use.  They  almost  invariably  describe 
the  external  stimuli  which  elicit  behaviour  not  in  terms  of  their 
physical  properties  but  in  terms  of  their  sensory  attributes.  They 
naively  accept  as  a  fact  not  requiring  explanation  that  different 
minds  treat  as  equal,  similar,  or  different,  groups  of  stimuli,  which 
physically  are  not  such  but  merely  appear  so  to  our  senses. 

1.78.  The  adherents  of  these  schools,  in  other  words,  treat  as 
something  not  requiring  explanation  the  fact  that  stimuli,  which  to 
their  senses  appear  similar,  will  also  appear  so  to  others ;  and  they 
do  this  in  spite  of  our  knowledge  that  physically  these  stimuli  may 
be  very  different  events  and  in  fact  may  have  nothing  in  common 
except  that  very  circumstance  that  whenever  they  act  on  us  or 
other  people  they  will  evoke  the  same  sensations  (and/or  re- 
sponses). They  disregard,  in  other  words,  the  very  phenomenon 

^By  'Behaviourism'  we  shall  mean  throughout  this  discussion  not  only  the 
original  doctrines  of  J.  Watson  but  also  the  views  represented  in  the  nineteen- 
twenties  and  early  'thirties  by  men  like  E.  B.  Holt,  A.  P.  Weiss,  E.  G.  Tolman, 
W.  S.  Hunter  and  particularly  K.  S.  Lashley,  who  in  1923  defined  the  position 
by  the  statement  that  'the  behaviourist  denies  sensations,  images,  and  all  other 
phenomena  which  the  subjectivist  claims  to  find  by  introspection.'  More 
recently  ^his  radically  objectivist  attitude  has  been  greatly  modified  and  one 
may  doubt  whether  the  Lashley  who  (1942,  p.  304)  has  'come  to  doubt  that 
any  progress  will  be  made  towards  a  genuine  understanding  of  nervous 
integration  until  the  problem  of  equivalent  nervous  connexions,  as  it  is  more 
generally  termed,  of  stimulus  equivalence,  is  solved,'  can  still  be  described  as 
a  behaviourist.  See  also  K.  W.  Spence,  1948,  p.  67. 
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which  raises  the  problem  of  the  existence  of  a  pecuhar  mental 
order. 

1.79.  It  might  therefore  be  said  that  behaviourism,  from  its  own 
point  of  view,  was  not  radical  and  consistent  enough,  since  it  took 
for  its  starting  point  a  picture  of  the  external  world  which  was 
derived  from  our  naive  sense  experience,  instead  of  taking,  as  it 
ought  to  have  done,  one  obtained  from  the  physical  sciences  which 
describe  the  objective  properties  of  this  world.  If  the  behaviourists 
had  been  consistent  in  their  desire  to  take  no  notice  of  the  qualita- 
tive order  of  their  own  sense  experience,  they  ought  to  have  started 
by  studying  the  effects  on  the  organism  of  physical  events  of  a 
certain  kind,  e.g.,  of  light  waves  of  a  certain  frequency,  and  then 
have  proceeded  to  establish  experimentally  to  which  of  these 
different  physical  stimuli  the  individual  responded  in  the  same  and 
to  which  he  responded  in  a  different  manner.  Before  going  any 
further  they  ought,  in  other  words,  to  have  built  up  experimentally 
that  classification  of  the  different  stimuli  which  our  senses  effect.  ^ 

1.80.  Behaviourists,  however,  did  not  seriously  try  doing  any- 
thing of  the  kind.  They  uncritically  accepted  the  fact  that  things 
which  are  physically  different  appear  alike  to  our  senses,  and  that 
things  which  are  physically  the  same  sometimes  appear  different, 
or  that  different  things  may  appear  to  differ  from  each  other  in  a 
manner  which  is  in  no  way  commensurable  with  the  physical 
differences  which  objectively  exist  between  them;  and  they 
appeared  to  see  no  problem  in  the  fact  that  other  organisms 
classify  stimuli  in  the  same  manner  as  we  do  ourselves,  or  in  a 
manner  different  from  it. 

1.8 1.  This  curious  blindness  to  an  important  problem  does  not 
always  show  itself  as  blatantly  as  in  the  instance  reported  by  W. 
Kohler  in  which  a  behaviourist  insisted  on  referring  to  a  'female'  as 
'a  stimulus'  to  a  male  bird.^  The  error  in  this  instance  does  not  lie 
merely,  as  Kohler  suggests,  in  the  fact  that  it  involves  'closing  one's 
eye  to  the  problem  of  gestalt  and  organization.'  It  appears  already 
in  the  disregard  of  the  fact  that  physically  different  stimuli  affect- 
ing different  receptors  produce  the  same  or  similar  sensory 
qualities  and  therefore  are  treated  as  being  the  same,  and  in 

iCf.,  F.  A.  Hayek,  1943,  pp.  34-39. 

^W.  Kohler,  1929  p.  180:  66.  C.f.,  Also  E.  G.  Boring,  1930,  p.  121:  'Green 
light  of  505  millimicrons  wave-length  may  be  a  stimulus  but  my  grandmother 
is  not  a  stimulus',  and  W.  Metzger,  1941,  p.  283. 
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pretending  at  the  same  time  that  sensory  qualities  do  not  enter  at 
all  into  their  considerations,  (The  language  of  the  behaviourist  in 
this  instance  could  be  justified  only  if  he  meant  to  imply  that  the 
female  was  always  recognized  through  the  same  physical  stimulus, 
such  as  a  certain  smell,  or  rather  by  the  stimulation  of  certain 
organs  of  olfaction  by  definite  chemical  substances.) 

1 .82.  It  would  involve  the  same  disregard  of  the  central  problem 
if,  e.g.,  two  red  spots  reflected  on  different  parts  of  the  retina,  or 
the  same  temperature  affecting  different  parts  of  the  body, were 
treated  as  representing  the  same  stimulus.  In  treating  as  the  same 
kind  of  event  all  events  which  appear  to  us  to  possess  the  same 
sensory  qualities,  behaviourism  tacitly  assumes  the  existence  of  the 
whole  order  of  such  qualities  which  at  the  same  time  it  pretends 
to  ignore. 

1.83.  This  acceptance  as  data  of  the  sensory  qualities  as  they  are 
known  to  most  men  from  their  subjective  experience  is  indeed 
inevitable  in  the  study  of  any  complex  behaviour.  But  it  is  only 
because,  while  thus  accepting  them,  the  behaviourists  at  the  same 
time  deceived  themselves  about  the  true  character  of  their  pro- 
cedure, that  they  avoided  the  main  problem  which  psychology  has 
to  face.  If  they  had  been  more  radical  and  more  consistent  in  their 
efforts  to  link  up  psychology  with  the  world  of  physical  science, 
they  would  have  discovered^  that  their  attempt  to  explain  be- 
haviour without  reference  to  subjective  sensory  qualities  could  not 
be  consistently  carried  through  unless  it  was  first  shown  what 
determined  that  system  of  sensory  qualities. 

1.84.  Like  many  of  the  traditional  schools  of  psychology,  be- 
haviourism thus  treated  the  problem  of  mind  as  if  it  were  a  prob- 
lem of  the  responses  of  the  individual  to  an  independently  or 
objectively  given  phenomenal  world;  while  in  fact  it  is  the  exis- 
tence of  a  phenomenal  world  which  is  different  from  the  physical 
world  which  constitutes  the  main  problem.  Behaviourism  merely 
appeared  to  avoid  the  problem  of  mind  by  confining  itself  to  the 
study  of  man's  behaviour  in  the  phenomenal  world  and  by  thus 
treating  the  main  manifestation  of  mind  as  a  datum  rather  than  as 
something  requiring  explanation. 

^As  they  ultimately  did — see  the  passage  from  Lashley  quoted  to  1.76  above. 
One  might  indeed  date  the  end  of  behaviourism  at  the  time  of  a  general 
recognition  of  the  central  importance  of  the  problem  of  equivalence  of  stimuli, 
i.e.,  soon  after  the  appearance  of  H.  Kliiver,  1933. 
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1.85.  Although  no  behaviourist  ever  consistently  adhered  to 
what  are  the  professed  principles  of  his  school,  and  although,  if  he 
had,  he  would  never,  in  the  present  state  of  knowledge,  have  got 
on  to  the  phenomena  in  which  he  was  interested,  it  will  be  instruc- 
tive briefly  to  consider  what  a  consistently  'objectivist'  study  of 
behaviour  would  have  to  be  like.  It  will  then  be  seen  that  even  if 
the  behaviourists  had  succeeded  in  carrying  out  their  programme, 
there  would  still  remain  a  problem  of  mind  requiring  an  answer. 

1 .86.  In  the  first  instance,  much  knowledge  that  we  undoubtedly 
possess  but  which  is  not  derived  from  experimental  evidence — 
such  as  the  knowledge  that  we  are  Hkely  to  respond  in  the  same 
manner  to  different  physical  stimuh  which  produce  the  same 
sensation — would  have  to  be  strictly  excluded  from  such  a  study  of 
human  behaviour.  The  first  task  of  such  a  consistently  objectivist 
approach  would  therefore  have  to  be  to  ascertain  experimentally 
what  to  us  is  the  starting  point  of  all  knowledge,  namely  the 
phenomenal  order  in  which  the  different  stimuli  appear  in  our 
mind. 

1 .87.  It  is  at  least  not  inconceivable,  although  not  Hkely,  that  by 
proceeding  thus  we  might  in  the  course  of  time  succeed  in  recon- 
structing approximately  that  grouping  of  the  stimuli  which  our 
senses  perform.  We  might  then  be  able  to  list  all  the  different 
physical  stimuli  which,  acting  on  particular  receptors  and  under 
particular  conditions,  produce  the  same  sensations  (or  have  always 
the  same  influence  on  the  response) ,  and  also  to  reconstruct  all  the 
different  conditions  under  which  (and  aU  the  different  respects 
with  regard  to  which)  the  several  stimuH  produce  different  effects. 
In  other  words  we  might,  starting  from  the  physical  order  of 
events,  experimentally  reconstruct  the  phenomenal  order  in 
which  these  events  are  reproduced  by  our  senses.^ 

1.88.  This  would  be  merely  the  first  task  which  a  psychology 
would  have  to  undertake  which  took  the  basic  idea  of  behaviour- 
ism Hterally.  Only  after  completing  this  task  could  it  at  least  under- 
take to  link  directly  observable  behaviour  and  physical  stimuli. 

^This  would  require  more  than  that  co-ordination  of  the  dimensions  of  indi- 
vidual StimuH  and  the  dimensions  of  the  various  'elementary'  sensory  quahties 
which  recently  has  been  successfully  attempted,  especially  with  regard  to 
hearing,  by  S.  S.  Stevens,  1934.  It  would  require  a  similar  co-ordination  also 
for  the  instances  where  the  same  stimulus  in  different  combinations  with  others 
produces  different  sensations. 
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And  in  order  to  be  quite  consistent  it  would  have  to  define  not 
only  the  stimuU  but  also  behaviour  in  strictly  physical  terms.  We 
need  not  inquire  at  this  stage  whether  it  is  conceivable  that  this 
task  should  ever  be  fully  completed.  (We  shall  later  give  reasons 
why  we  think  that  this  is  impossible.)  At  this  point  we  are  con- 
cerned with  the  question  whether,  even  if  this  task  were  achieved, 
there  would  still  remain  a  problem  of  the  kind  with  which  we  are 
here  concerned. 

1 .89.  A  solution  of  that  problem  would  show  us  what  the  appara- 
tus of  perception  does  in  response  to  particular  stimuli,  but  not 
how  it  does  it.  Even  if  we  had  established  a  correspondence  be- 
tween all  the  observed  combinations  of  stimuli  and  the  resulting 
sensations,  we  should  still  be  ignorant  of  the  mechanism  by  which 
the  one  kind  of  order  is  translated  into  the  other.  Our  knowledge 
would  be  purely  descriptive  in  the  sense  that  it  would  be  confined 
to  a  knowledge  of  the  correspondence  between  observed  stimuli 
and  observed  responses.  We  should  not  possess  a  theory  from 
which  we  could  derive  new  conclusions  which  could  be  empiri- 
cally tested. 

8.    THE    'absolute'    Q^UALITIES    OF   SENSATIONS   A   PHANTOM- 
PROBLEM 

1.90.  A  different  type  of  objection  to  our  manner  of  stating  the 
problem  must  be  expected  from  a  school  of  thought  which,  though 
not  formally  organized,  is  fairly  widespread  and  which  in  some 
respects  might  be  regarded  as  the  extreme  opposite  of  behaviour- 
ism. It  would  probably  be  contended  by  representatives  of  this 
point  of  view  that,  even  if  we  succeeded  in  accounting  for  all  the 
differences  between  the  effects  of  the  different  stimuli  or  impulses, 
there  would  still  remain  an  unexplained  factor,  the  'absolute'  or 
'intrinsic'  qualities  of  the  sensations  which  are  not  exhausted  by 
all  the  differences  in  their  effects  but  which  must  be  experienced 
to  be  known. 

1.9 1.  This  conception  of  the  absolute  character  of  sensory  quali- 
ties derives  probably  from  John  Locke's  conception  of  'simple' 
ideas.  It  has  found  an  explicit  defender  in  no  less  a  student  than 
William  James.  ^  It  is  a  contention  which  raises  what  to  us  seems 
clearly  a  phantom-problem  which  cannot  even  be  clearly  stated 

^W.  James,  1890,  11,  p.  12. 
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and  with  regard  to  which  it  is  impossible  to  say  what  kind  of  state- 
ment would  provide  an  answer.  It  is  nevertheless  important,  not 
only  because  of  the  pervasive  influence  of  this  conception,  but  also 
because  it  is  probably  one  of  the  main  roots  of  the  belief  in  a 
peculiar  mental  substance. 

1.92.  The  first  point  to  note  is  that  it  is  clearly  possible  that  a 
sense  discrimination  of  which  some  other  person  is  capable  can 
raise  a  problem  for  us  though  we  ourselves  may  not  be  capable  of 
it.  The  problem  of  colour  vision,  e.g.,  can  clearly  become  a  prob- 
lem to  the  totally  colour-bHnd  person  as  much  as  it  can  to  us. 
What  we  shall  have  to  show  is  that  there  are  no  questions  which 
we  can  intelligibly  ask  about  sensory  qualities  which  could  not  also 
conceivably  become  a  problem  to  a  person  who  has  not  himself 
experienced  the  particular  quahties  but  knows  of  them  only  from 
the  descriptions  given  to  him  by  others.  In  other  words,  that 
nothing  can  become  a  problem  about  sensory  quahties  which  can- 
not in  principle  also  be  described  in  words ;  and  such  a  description 
in  words  will  always  have  to  be  a  description  in  terms  of  the 
relation  of  the  quality  in  question  to  other  sensory  qualities, 

1.93.  Most  people  will  agree  that  the  question  of  whether  the 
sensory  quahties  which  one  person  experiences  are  exactly  the 
same  as  those  which  another  person  experiences  is,  in  the  absolute 
sense  in  which  it  is  sometimes  asked,  an  unanswerable  and  strictly 
meaningless  question.  All  we  can  ever  discuss  is  whether  for 
different  persons  different  sensory  quahties  differ  in  the  same  way. 
To  establish  whether  a  person  is  colour-blind  we  have  to  find  out, 
not  how  'red'  looks  to  him  in  any  absolute  sense,  but  whether  and 
how  it  differs  from  various  other  shades  of  'red'  and  from  'green.' 
In  all  such  instances  we  can  find  out  and  know  only  whether, 
compared  with  other  people,  a  person  discriminates  between  given 
stimuli  in  the  same  or  in  a  different  manner. 

r  .94.  In  other  words,  all  that  can  be  communicated  are  the  dif- 
ferences between  sensory  quahties,  and  only  what  can  be  com- 
municated can  be  discussed.  Such  communication  does  not  imply 
that  the  quahties  perceived  by  different  people  are  similar  in  any 
absolute  sense.  The  problem  which  is  raised,  for  instance,  by  the 
much  greater  capacity  for  pitch  discrimination  possessed  by  the 
experienced  musician  but  not  by  ordinary  persons  is  not  funda- 
mentally different  from  the  problem  created  by  the  distinctions 
between  the  quahties  which  most  of  us  experience. 
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1.95.  It  is  instructive  briefly  to  consider  how  we  should  proceed 
if  we  were  to  try  to  give  a  congenitally  blind  person  an  idea  of 
sight  and  colour.  We  should  probably  base  our  account  in  the 
first  instance  on  the  fact  that  the  blind  is  familiar  with  three- 
dimensional  space,  with  shape  and  movement,  and  attempt  to 
explain  to  him  that,  as  he  can  feel  radiant  heat  or  sound  emitted 
by  a  distant  source,  so  the  eye  enables  us  to  perceive  other  qualities 
at  a  distance.  We  should  then  try  to  explain  that  these  qualities 
with  which  he  is  unfamiliar  will  vary  not  only  along  a  single 
dimension,  as  temperature  does  from  cold  to  hot,  but  that  it  can 
also  vary  like  tones  from  bright  to  dark,  from  loud  to  soft,  from 
sharp  to  blunt  and  from  pleasant  to  unpleasant.  We  shall  point  out 
to  him  that  in  groups  these  qualities  can  form  harmonies  or  may 
clash  as  tones  do,  and  so  on. 

1.96.  How  far  we  could  get  in  thus  teaching  a  congenitally  blind 
the  relative  values  of  the  different  colours  has  never  been  systema- 
tically tested,  largely  because  the  required  description  of  the  order 
of  those  sense  qualities  in  terms  of  their  common  dimensions 
( 1. 62-1. 67)  has  not  been  systematically  developed  and  because 
we  therefore  lack  the  necessary  words.  That  blind  persons  can  at 
least  learn  to  use  the  names  of  colours  so  that  a  person  who  does 
not  know  that  they  are  blind  may  remain  unaware  of  it  in  hearing 
their  descriptions  is  shown  by  the  writings  of  Miss  Helen  Keller  and 
others.  To-day,  with  our  greater  familiarity  of  the  phenomenon  of 
synaesthesia,  it  also  no  longer  seems  so  absurd,  as  it  seemed  to 
John  Locke,  that  the  'studious  blind  man'  who  thought  that  he 
had  discovered  what  scarlet  looked  like,  described  it  as  'like  the 
sound  of  a  trumpet.'^ 

1.97.  An  illustration  given  in  a  recent  book  may  be  quoted  at 
length,  as  its  concluding  passage  raises  our  problem  in  a  particu- 
larly clear  manner: 

'The  approach  of  a  scientist  to  the  phenomena  which  he  ob- 
serves may  be  realized  perhaps  by  means  of  an  analogy.  Suppose 
you  enter  a  room  and  see  a  man  playing  a  violin.  You  say  at  once 
that  this  is  a  musical  instrument  and  is  producing  sound.  But 
suppose  that  the  observer  were  absolutely  deaf  from  birth,  had  no 
idea  of  hearing,  and  had  never  been  told  anything  of  sound  or 
musical  instruments,  his  whole  knowledge  of  the  world  having 
been  acquired  through  senses  other  than  hearing.   This  deaf 

\John  Locke,  1690,  Bk.  Ill,  Chap  IV,  Sec.  xi. 
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observer  entering  the  room  where  a  vioHnist  was  playing  would  be 
entirely  unable  to  account  for  the  phenomenon.  He  would  see  the 
movements  of  the  player,  the  operation  of  the  bow  on  the  strings, 
the  peculiarly  shaped  instrument,  but  the  whole  thing  would 
appear  to  him  irrational.  But  if  he  were  a  scientist  interested  in 
phenomena  and  their  classification,  he  would  presently  find  that 
the  movements  of  the  bow  on  the  violin  produced  vibrations,  and 
these  vibrations  could  be  detected  by  means  of  physical  instru- 
ments and  their  wave  form  could  be  observed.  After  some  time, 
it  might  occur  to  him  that  the  vibrations  of  the  strings  and  violin 
must  be  communicated  to  the  air  and  could  be  observed  as 
changes  of  pressure.  Then  he  could  record  the  changes  of  pressure 
produced  in  the  air  in  the  playing  of  a  piece  of  music,  and  by 
analysing  the  record  could  observe  that  the  same  groups  of  pressure 
changes  were  repeated  periodically.  Eventually  he  would  attain  to 
a  knowledge  of  the  whole  phenomenon  of  music — the  form  of 
musical  composition  and  the  nature  of  different  musical  forms — 
but  none  of  this  would  give  him  any  approach  to  the  absolute 
truth  in  that  he  would  still  be  unaware  of  the  existence  of  sound  as 
a  sense  and  of  the  part  that  music  could  play  in  the  mental  life  of 
those  who  could  hear.'^ 

1.97.  Except  for  the  last  sentence  this  passage  provides  an 
excellent  illustration  of  the  distinction  we  have  drawn  between  the 
physical  and  the  phenomenal  order  of  events.  The  last  sentence, 
however,  raises  two  difficulties  (apart  from  the  fact  that  the  author 
speaks  of  the  'phenomenon'  of  music  where  he  refers  to  what  we 
would  describe  as  its  physical  equivalent).  In  the  first  instance  the 
impression  which  this  sentence  conveys,  that  a  'knowledge  of  the 
whole  phenomenon  of  music'  can  be  attained  without  at  the  same 
time  attaining  some  knowledge  not  only  of  the  physical  but  also  of 
the  sensory  attributes  of  these  events  is  somewhat  misleading.  A 
reconstruction  of  the  theory  of  music  in  the  manner  suggested 
would  involve  a  study  not  only  of  the  'objective'  attributes  of 
sound  but  also  a  study  of  the  manner  in  which  the  people  pro- 
ducing the  music  deal  with  it.  It  would,  e.g.,  have  to  include  the 
discovery  that  for  the  musicians  the  continuum  of  sound  waves  of 
different  frequencies  was  divided  into  discrete  steps,  so  that  all  the 
waves  belonging  to  certain  narrow  intervals  were  treated  as  alike 
or  indistinguishable,  while  wave-lengths  of  intermediate  intervals 
would  not  be  employed  at  all;  further,  that  of  the  distinct  musical 
iC.  E.  K.  Mees,  1947,  p.  59. 
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notes  thus  determined  some  were  treated  as  resembling  each  other 
and  some  as  being  related  in  other  ways,  that  certain  combinations 
of  notes  were  preferred  to  others,  and  that  certain  successions  of 
notes  were  in  some  respects  treated  as  equivalents  of  other  such 
successions,  etc.,  etc. 

1.99.  The  theory  of  music  thus  constructed  would  therefore  not 
really  refer  to  the  relations  between  physical  events  or  to  re- 
lations between  them  defined  according  to  the  similarity  or  dif- 
ference of  their  action  on  other  physical  events,  but  to  elements 
defined  in  terms  of  their  similarity  or  dissimilarity  to  the  persons 
who  wrote,  played,  or  heard  the  music.  It  would  be  a  theory,  not 
about  the  objective  (experimentally  tested)  relations  between  the 
different  physical  events,  but  about  what  these  events  meant  to 
the  persons  concerned  with  music. 

1 .  100.  The  second  problem  arising  from  the  concluding  sentence 
of  the  passage  quoted  is  contained  in  the  suggestion  that  there  is  an 
'absolute  truth',  an  absolute  quality  of  sound  as  a  sensory  experi- 
ence, which  must  forever  remain  inaccessible  to  the  deaf  from 
birth.  The  term  'absolute'  used  in  this  connexion  unquestionably 
refers  to  some  significant  aspects  of  sensory  experience.  What  we 
are  denying  is  not  that  sensory  qualities  may  possess  attributes 
which  those  who  cannot  hear  cannot  learn  about,  but  that  what- 
ever incommunicable  attributes  sensory  qualities  may  possess  can 
ever  raise  a  scientific  problem. 

i.ioi.  One  fact  which  is  probably  referred  to  by  the  use  of  the 
term  'absolute'  in  this  connexion  is  that,  however  far  we  may  go 
in  describing  or  explaining  differences  between  sensory  qualities, 
there  will  always  remain  some  further  differences  which  have  not 
yet  been  enumerated.  This  is  closely  connected  with  a  circum- 
stance which  we  shall  have  to  consider  later,  namely  that,  because 
of  constitutional  limitations  of  our  mind,  we  shall  never  be  able  to 
achieve  more  than  an  explanation  of  the  principle  on  which  mind 
operates,  and  shall  never  succeed  in  fully  explaining  any  particu- 
lar mental  act.  But  the  fact  that  the  differences  between  the  dif- 
ferent sensory  qualities  are  too  numerous  and  varied  for  us  ever  to 
be  able  to  state  them  all,  does  not  mean  that  any  one  of  these  dif- 
ferences should  not  be  capable  of  becoming  a  problem  to  which, 
at  least  in  principle,  we  may  provide  an  answer. 
1. 1 02.  It  is  merely  another  aspect  of  the  same  problem  if  it  is 
pointed  out  that  the  immediate  experience  of  a  group  of  sensory 
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qualities  (say  a  number  of  sounds  and  colours)  will  always  convey 
more  to  us  (will  involve  a  large  number  of  implied  distinctions 
among  themselves  and  from  other  possible  experiences)  than  any 
possible  description  can  convey.  In  other  words:  the  congenitally 
blind  or  deaf  can  never  learn  all  that  which  the  seeing  or  hearing 
person  owes  to  the  direct  experience  of  the  sensory  qualities  in 
question,  because  no  description  can  exhaust  all  the  distinctions 
which  are  experienced.  This,  however,  does  not  mean  that  there  is 
more  than  differences  from  other  qualities,  and  still  less  that  any 
such  'absolute'  character  of  the  quaHties  can  raise  a  genuine 
problem. 

1. 1 03.  It  seems  thus  impossible  that  any  question  about  the 
nature  or  character  of  particular  sensory  qualities  should  ever  arise 
which  is  not  a  question  about  the  differences  from  (or  the  relations 
to)  other  sensory  qualities;  and  the  extent  to  which  the  effects  of 
its  occurrence  differ  from  the  effects  of  the  occurrence  of  any  other 
qualities  determines  the  whole  of  its  character. 

1. 1 04.  To  ask  beyond  this  for  the  explanation  of  some  absolute 
attribute  of  sensory  qualities  seems  to  be  to  ask  for  something 
which  by  definition  cannot  manifest  itself  in  any  differences  in 
the  consequences  which  will  follow  because  this  rather  than  any 
other  quality  has  occurred.  Such  a  factor,  however,  could  by 
definition  not  be  of  relevance  to  any  scientific  problem.  The 
'absolute'  quality  seems  to  be  unexplainable  because  there  is 
nothing  to  explain,  because  absolute,  if  it  has  any  meaning  at  all, 
can  only  mean  that  the  attribute  which  is  so  described  has  no 
scientific  significance. 

1. 1 05.  The  contention  that  all  the  attributes  of  sensory  qualities 
(and  of  other  mental  qualities)  are  relations  to  other  such  qualities, 
and  that  the  totality  of  all  these  relations  between  mental  quaHties 
exhausts  all  there  is  to  be  said  about  the  mental  order,  corresponds 
of  course,  (perhaps  we  should  say  follows  from)  the  conception  of 
mind  itself  as  an  order  of  events.  And  with  the  recognition  that 
mind  itself,  and  all  the  attributes  of  mental  events,  are  a  complex 
of  relations,  there  disappears  of  course  the  need  for  any  peculiar 
kind  of  things  which  by  themselves  have  attributes  which  con- 
stitute them  a  peculiar  'substance'. 

1. 1 06.  The  abandonment  of  the  phantom-problem  of  the  abso- 
lute character  of  mental  qualities,  and  the  recognition  of  the 
relative    significance    of    these    attributes,    is    of   fundamental 
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importance,  because  it  opens,  as  we  shall  see,  the  way  for  a  general 
application  of  a  principle  which  has  long  been  used  to  explain 
those  attributes  of  sensory  experience  which  had  been  recognized 
to  be  relative,  such  as  spatial  position. 

1. 1 07.  It  also  follows  from  the  relative  character  of  all  mental 
qualities  that  any  discussion  of  these  qualities  in  terms  of  their 
relations  to  each  other  must  necessarily  remain  within  the  realm 
of  mental  events:  it  can  never  provide  a  bridge  which  leads  from 
them  to  physical  events.  In  the  next  chapter  we  shall  attempt  to 
show  how  this  circle  can  be  broken. 
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CHAPTER  II 
AN    OUTLINE    OF    THE   THEORY 


I.    THE    PRINCIPLE    OF    THE    EXPLANATION 

2.1.  The  first  chapter  led  to  the  conclusion  that  the  sensory 
qualities  known  to  us  from  our  subjective  experience  form  a  self- 
contained  system  so  that  we  can  describe  any  one  of  these  qualities 
only  in  terms  of  its  relations  to  other  such  qualities,  and  that  many 
of  these  relations  themselves  also  belong  to  the  qualitative  order. 
This  means  that,  if  in  our  attempt  toward  an  explanation  we  are 
not  to  move  in  a  circle  but  are  to  succeed  in  explaining  the  relation 
of  this  system  of  qualities  to  the  world  of  physics,  the  object  of  our 
explanation  must  be  the  whole  complex  of  relations  which  deter- 
mine the  order  of  the  system  of  sensory  (or  rather  of  mental) 
qualities.  In  order  to  provide  such  an  explanation,  it  will  be 
necessary  to  show  how  in  a  physical  system  known  forces  can 
produce  such  differentiating  relationships  between  its  elements 
that  an  order  will  appear  which  strictly  corresponds  to  the  order 
of  the  sensory  qualities. 

2.2.  The  only  way  in  which  we  can  break  the  circle  in  which  we 
move  so  long  as  we  discuss  sensory  qualities  in  terms  of  each  other, 
and  can  hope  to  arrive  at  an  explanation  of  the  processes  of  which 
the  occurrence  of  sensory  qualities  forms  a  part,  therefore,  is  to 
construct  a  system  of  physical  elements  which  is  'topologically 
equivalent'  or  'isomorphous'  with  the  system  of  sensory  qualities; 
this  means  that  the  relations  of  the  former  must  strictly  reproduce 
the  relations  prevailing  in  the  latter  so  that  the  effect  of  any  groups 
of  events  in  the  former  will  correspond  to  the  effects  of  the  corres- 
ponding group  of  events  in  the  latter. 

2.3.  The  mathematical  concept  of  isomorphism  has  been  used  by 
the  members  of  the  gestalt  school ^  in  a  sense  somewhat  similar  to 

^W. -Kohler,  1929  p.  61  f.,  K.  Koflfka,  1935,  p.  62.  For  the  different  sense  in 
which  this  concept  is  used  by  E.  G.  Boring,  see  below,  2.10. 
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that  in  which  it  is  employed  here.  The  use  made  of  it  by  that  school 
is,  however,  somewhat  ambiguous  and  imprecise  and  I  am  not 
certain  whether  it  is  the  same  as  that  employed  here.  It  is  therefore 
important  to  remember  that,  whenever  the  term  isomorphism  is 
used  in  the  following  discussion,  it  will  be  used  in  its  strict  mathe- 
matical meaning  of  a  structural  correspondence  between  systems 
of  related  elements  in  which  the  relations  connecting  these 
elements  possess  the  same  formal  properties,  rather  than  in  any 
sense  borrowed  directly  from  the  gestalt  school. 

2.4.  It  is  especially  important  to  realize  that  the  isomorphism  of 
two  structures  does  not,  as  some  of  the  discussions  by  the  gestalt 
school  suggest,  imply  similarity  of  their  arrangement  in  space. 
Although  two  three-dimensional  structures  which  are  similar  in 
the  geometrical  meaning  of  this  term  will  also  be  isomorphous, 
such  spatial  similarity  is  not  necessary.  If  the  relevant  relationship 
is,  e.g.,  connectedness,  and  we  conceive  of  a  three  dimensional  net 
or  lattice  of  rubber  threads  in  which  the  knots  represent  the 
elements  and  the  threads  the  connexions,  isomorphism  will  be 
preserved  however  much  we  stretch,  twist  or  crumple  up  the  net. 
Since  in  this  process  of  spatial  distortion  the  relevant  relations  be- 
tween the  elements  are  preserved  so  long  as  no  thread  is  broken 
and  no  new  knots  formed,  all  these  various  states  of  the  net  or 
lattice  would  be  isomorphous.  It  will  have  to  be  remembered 
throughout  this  book  that  whenever  we  speak,  e.g.,  of  a  'pattern 
within  the  brain',  the  term  pattern  and  similar  terms  will  have  to 
be  understood  in  this  topological  and  not  in  a  spatial  meaning. 

2.5.  The  importance  of  not  interpreting  isomorphism  as  spatial 
similiarity  will  be  seen  from  the  fact,  for  instance,  that  in  a  system 
in  which  the  position  of  one  element  is  determined  by  the  con- 
nexions with  other  elements,  two  distinct  elements  may  occupy 
identical  positions,  which  is  clearly  impossible  in  a  spatial  sense. 
Two  distinct  points  in  space  cannot  have  identical  spatial  relations 
to  every  one  of  a  group  of  other  points,  but  each  of  two  distinct 
elements  of  a  merely  'connexional'  order  can  be  connected  with 
the  identical  set  of  other  elements.  This  in  fact  applies  not  only  to 
individual  elements  but  also  to  subgroups  of  connected  elements 
within  the  larger  structure  which,  without  being  isomorphous  with 
each  other,  may  yet,  considered  as  groups,  occupy  identical  places 
in  the  larger  structure,  i.e.,  may  as  a  group  of  elements  have 
connexions  with  the  same  other  elements. 
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2.6.  Isomorphism  thus  describes  only  a  similarity  of  structures  as 
wholes  and  of  the  position  of  corresponding  elements  within  the 
structure,  but  says  nothing  about  any  other  properties  of  the 
corresponding  elements  apart  from  their  position  in  the  structure. 
Such  individual  properties  of  the  elements  from  which  the  struc- 
ture is  built  are  totally  irrelevant  for  the  question  of  whether  the 
two  structures  are  isomorphous;  and  isomorphism  may  not  only 
exist  between  structures  made  of  different  materials  but  even 
between  material  and  immaterial  structures  so  long  as  there  exist 
any  common  formal  attributes  of  the  relations  which  connect  the 
elements. 

2.7.  In  the  application  of  the  concept  of  isomorphism  to  psy- 
chological problems  there  has  been  a  good  deal  of  confusion  with 
regard  to  the  terms  or  structures  which  might  be  said  to  be  iso- 
morphous. There  are  three  such  different  structures,  any  pair  of 
which  might  be  and  has  been  represented  as  the  terms  between 
which  isomorphism  prevails.  There  are  : 

1.  The  physical  order  of  the  external  world,  or  of  the  physical 
stimuli,  which  for  the  present  purpose  we  must  assume  to  be 
known,  although  our  knowledge  of  it  is,  of  course,  imperfect. 

2.  The  neural  order  of  the  fibres,  and  of  the  impulses  pro- 
ceeding in  these  fibres,  which,  though  undoubtedly  part  of  the 
complete  physical  order,  is  yet  a  part  of  it  which  is  not  directly 
known  but  can  only  be  reconstructed. 

3.  The  mental  or  phenomenal  order  of  sensations  (and  other 
mental  qualities)  directly  known  although  our  knowledge  of  it 
is  largely  only  a  'knowing  how'  and  not  a  'knowing  that',^  and 
although  we  may  never  be  able  to  bring  out  by  analysis  all  the 
relations  which  determine  that  order. 

2.8.  Our  problem  is  determined  partly  by  the  fact  that  the  first 
and  third  of  these  orders  are  not  isomorphous,  i.e.,  that  the  physical 
order  differs  from  the  phenomenal  order.  Although  the  problem 
would  also  exist  if  these  two  orders  were  isomorphous  (if  that  is 
conceivable) ,  we  might  never,  or  at  least  not  for  a  long  time,  have 
become  aware  of  its  character  if  it  were  not  for  the  fact  of  the  dif- 
ference of  these  two  orders.  While  they  are  in  some  measure  simi- 
lar, and  while  we  owe  it  to  this  similarity  that  we  can  find  our  way 
about  the  physical  world,  they  are,  as  we  have  seen,  far  from  being 
identical. 

iG.  Ryle,  1945. 
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2.9.  The  isomorphism  which  we  have  suggested  to  exist  refers  to 
the  relation  between  the  second  and  the  third  of  these  orders,  i.e., 
to  the  relation  between  the  neural  and  the  phenomenal  order.  If 
this  is  correct,  and  if  the  first  and  the  third  of  these  orders  are  not 
isomorphous,  it  also  follows  that  the  first  and  the  second  cannot 
be  isomorphous.  (That  the  second  cannot  be  be  strictly  isomor- 
phous with  the  first  also  follows  from  the  fact  that  strictly  speaking 
it  is  a  part  of  the  first). 

2.10.  Isomorphism  between  two  structures  or  orders  does  not 
imply  isomorphism  between  any  properties  their  elements  may 
possess  apart  from  their  place  in  the  structure.  This  needs  special 
emphasis  as  the  term  isomorphism  has  been  used  by  Boring ^  to 
describe  a  correspondence  between  individual  mental  events  (i.e., 
parts  of  our  third  order)  and  individual  physical  and  neural 
events.  He  speaks  of  'isomorphic  transmission'  of  some  constant 
structural  feature  from  the  stimulus  through  the  impulse  to  the 
sensation,  and  in  this  sense  the  concept  of  isomorphism  would 
indeed,  as  he  points  out,  be  merely  a  form  of  the  naive  conception 
against  which  Johannes  Muller's  theory  of  the  specific  energy  of 
nerves  was  directed.  It  is  possible  that  in  the  vague  use  made  of  the 
concept  by  the  gestalt  school  this  meaning  has  been  mixed  up 
with  the  other  one,  but  it  need  hardly  be  stressed  that  it  has  noth- 
ing to  do  with  the  sense  in  which  the  concept  is  employed  here. 

2.1 1.  It  should  be  pointed  out  at  once,  however,  that  our  use  of 
the  term  isomorphism,  though  useful  for  the  purposes  of  exposition 
at  this  stage,  will  in  the  end  also  prove  somewhat  inappropriate. 
We  are  at  present  concerned  with  the  relations  of  an  inferred 
order,  the  terms  of  which  are  unknown  (since  they  are  left  without 
attributes  if  we  regard  all  mental  attributes  as  determined  by 
relations) ,  with  an  order  which  might  be  established  between  the 
known  neural  elements.  We  shall,  in  fact,  come  to  the  conclusion 
that  the  two  orders  are  not  merely  isomorphous  but  identical  and 
that  to  postulate  a  separate  set  of  terms  for  the  mental  order  would 
be  redundant.  But  at  this  step  in  the  exposition  we  shall  content 
ourselves  to  ask  whether  a  topological  equivalent  of  the  mental 
order  can  be  reconstructed  from  physical  elements. 

2.12.  Another  misunderstanding  to  which  the  use  of  the  con- 
ception of  a  one-to-one  correspondence  in  the  discussion  of  iso- 

lE.  G.  Boring  1935,  p.  244,  1936,  pp.  574—575,  and  1942,  pp.  83-90. 
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morphism  could  give  rise,  should  at  once  be  met.  It  is  the  old  idea 
that  individual  stimuH  and  individual  nervous  impulses  are 
invariably  and  uniquely  related  with  particular  individual  sensory 
quaUties.  This  cardinal  error  which,  it  will  soon  be  seen,  has  been 
the  main  obstacle  to  the  understanding  of  our  problem,  follows  by 
no  means  from  the  conception  of  isomorphism  as  used  here.  On 
the  contrary,  if  the  action  of  an  impulse  depends  on  the  position  of 
the  fibre  that  carries  it,  in  the  whole  system  of  connected  fibres,  it 
would  seem  at  once  probable  that  its  effects  will  depend  on  what 
other  impulses  are  proceeding  at  the  same  time.  Although  at  any 
given  time  (or  within  any  given  structure)  any  particular  group  of 
impulses  occurring  at  the  same  time  \vill  have  the  same  signifi- 
cance, there  is  no  reason  to  expect  that  the  effects  of  a  single 
impulse  will  be  the  same  whether  it  appears  in  company  with  one 
group  or  with  another  group  of  other  impulses. 

2.13.  This  particular  misunderstanding  of  the  idea  of  a  one-to- 
one  correspondence  between  impulse  and  sensation  has  been  per- 
sistently and  successfully  criticized  by  the  members  of  the  gestalt 
school^  under  the  name  of  the  'constancy  hypothesis'.  Their  ex- 
perimental work  has  amply  confirmed  that  such  an  invariable 
connexion  between  individual  impulse  and  elementary  sensations 
does  not  exist. 

2.14.  Closely  connected  with  this  'constancy  hypothesis'  is  the 
conception  of  an  'invariable  core  of  pure  sensation'  which  is 
supposed  to  be  in  some  manner  originally  attached  to  the  nervous 
impulse  and  to  continue  to  exist  independently  of  all  the  modifica- 
tions of,  and  additions  to,  this  basic  quahty  which  may  be  effected 
by  experience  or  acquired  relations.  Bertrand  Russell,  e.g., 
expHcitly  states  with  reference  to  this  that  'the  essence  of  sensation 
...  is  its  independence  of  past  experience.'^ 

2.15.  It  has,  of  course,  long  been  a  common  place  in  psychology 
that  a  large  part  of  the  experienced  content  of  the  sensory  qualities 
is  the  result  of  interpretation  based  on  experience.  But  these  re- 
lational determinants  of  sensory  qualities  have  invariably  been 
represented  as  mere  modifications  of,  or  additions  to,  an  original 

^W.  Kohler,  1913,  p.  52;  K.  KofFka,  1935,  pp.  85  fF.;  and  D.  Katz  1944  for  a 
clear   distinction   between   this    'constancy   hypothesis'    and   the    'constancy 
phenomenon',  i.e.  the  fact  that  different  stimuli  and  different  combinations 
of  stimuU  can  produce  the  same  sensory  quahties. 
^B.  Russell,  1921,  p.  144.  Cf.,  also  ibid  p.  139, 
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core  of  pure  sensation.  ^  It  will  be  the  central  thesis  of  the  theory  to 
be  outhned  that  it  is  not  merely  a  part  but  the  whole  of  sensory 
qualities  which  is  in  this  sense  an  'interpretation'  based  on  the 
experience  of  the  individual  or  the  race.  The  conception  of  an 
original  pure  core  of  sensation  which  is  merely  modified  by  experi- 
ence is  an  entirely  unnecessary  fiction,  and  the  same  processes 
which  are  known  to  modify  and  alter  the  qualitative  attributes 
of  sensations  can  also  account  for  the  initial  differentiation. 

2.16.  With  this  contention  we  do  not  mean  to  assert  that  the 
'learning'  process  which  can  account  for  the  determination  of  the 
order  of  sensory  quahties  takes  place  entirely  or  predominantly  in 
the  course  of  the  development  of  the  individual.  In  this  sense  our 
contention  does  not  take  side  in  the  dispute  between  the  'nativists' 
and  the  'empiricists'.  But  this  dispute  seems  usually  to  involve  also 
the  distinct  question  whether  the  order  of  sensory  quahties  can  be 
understood  as  having  been  formed  by  the  combined  experience  of 
the  race  and  the  individual,  or  whether  it  must  be  regarded  as 
something  unaccountably  and  unexplainably  existing  apart  from 
the  effects  which  the  environment  exercises  on  the  development  of 
the  organism.  In  this  second  sense  our  thesis  belongs  to  the  'empi- 
piricist'  position  (see  5.15). 

2.17.  It  might  indeed  be  said  that  the  whole  theory  of  the  forma- 
tion of  sensory  quahties  to  be  developed  in  the  following  pages  is 
no  more  than  an  extension  and  systematic  development  of  the 
widely  held  view  that  every  sensation  contains  elements  of  inter- 
pretation based  on  learning,  an  extension  by  which  the  whole  of 
the  sensory  quahties  is  accounted  for  as  such  an  interpretation.  It 
will  be  contended  that  in  the  course  of  its  phylogenetic  and  onto- 
genetic development  the  organism  learns  to  build  up  a  system  of 
differentiations  between  stimuli  in  which  each  stimulus  is  given  a 
definite  place  in  an  order,  a  place  which  represents  the  significance 
which  the  occurrence  of  that  stimulus  in  different  combinations 
with  other  stimuH  has  for  the  organism.  We  shall  see  later  in  what 
sense  and  to  what  extent  this  'classification'  (as  we  shall  call  it)  of 
the  stimuh  by  the  organism  can  be  said  to  'reproduce'  the  'objec- 
tive' relations  between  those  stimuh  in  the  physical  world. 

2.18.  It  should,  however,  at  once  be  noted,  although  a  fuller 
discussion  of  this  must  be  postponed  to  a  later  point,  ^  that  when 

^For  an  account  of  these  historical  antecedents  see  Chapter  VI. 
2See  Chapter  VIII  below. 
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we  claim  to  provide  an  'explanation'  this  will  never  mean  more 
than  an  'explanation  of  the  principle'  by  which  phenomena  of  the 
kind  in  question  can  be  produced.  By  such  an  'explanation  of  the 
principle'  we  shall  provisionally  understand  an  explanation  which 
not  only  confines  itself  to  showing  'that  such  and  such  actions  lie 
within  the  range  of  known  physical  actions,  or  that  known 
physical  phenomena  produce  effects  similar  to  them',^  but  also 
that,  though  we  may  be  able  to  explain  the  general  character  of 
the  processes  at  work,  their  operation  may  be  so  complicated  in 
detail  as  to  place  their  full  description  forever  beyond  the  power 
of  the  human  mind. 

2.19.  The  reason  for  confining  ourselves  to  such  an  'explana- 
tion of  the  principle'  is,  therefore,  not  only  that  in  the  present  state 
of  psychology  and  neuro-physiology  the  main  need  seems  to  be  for 
a  hypothesis  suggesting  a  possible  way  in  which  the  phenomena  in 
question  may  be  produced,  but  also  that  there  appear  to  exist 
reasons  which  should  make  for  man  2ifull  explanation  of  his  own 
processes  of  thought  absolutely  impossible,  because  this  concep- 
tion involves,  as  we  hope  to  show,  a  contradiction. 


2.    THE    ORDER    OF   SENSORY   Q,UALITIES  IN  ITS  STATIC  AND   ITS 
DYNAMIC    ASPECTS 

2.20.  It  is  necessary  now  to  examine  a  little  more  carefully  than 
we  have  yet  done  the  character  of  the  various  'relations'  existing 
between  the  sensory  qualities.  It  would  seem  at  first  as  if  the  fact 
which  we  have  pointed  out  (i. 56-1. 61),  that  these  'relations' 
possess  themselves  different  qualitative  attributes,  would  constitute 
an  absolute  obstacle  to  any  attempt  to  reproduce  an  equivalent  or 
isomorphous  physical  system  built  up  from  the  known  physio- 
logical processes,  since  in  the  latter  case  the  different  elements  can 
be  ordered  solely  by  the  one  relation  of  cause  and  effect.  We  have 
provisionally  met  this  difficulty  by  pointing  out  that  differences  in 
quaHty  can  also  be  reduced  to  differences  in  the  effects,  but  it 
clearly  needs  yet  more  explicit  consideration. 

2.2 1.  This  problem  is  closely  connected  with  what  may  be  called 

^D.  W.  Thompson,  1942,  p.  309.  Cf.,  also  E.  G.  Boring,  1946,  p.  178  where  he 
argues  that  'it  is  enough  for  our  purpose  if  we  can  produce  the  function  in 
kind'  and  'if  we  could  get  the  principle  of  [the  suggested  synthetic  professor  of 
psychology]  without  actually  producing  him.'  (Italics  ours.) 
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the  difference  between  the  'static'  and  the  'dynamic'  aspect  of  the 
system  of  sensory  quahties.  We  usually  think  of  all  the  different 
sensory  qualities  as  (at  least  potentially)  existing  at  the  same  time, 
and  it  is  this  imagined  simultaneous  existence  to  which  we  refer 
when  we  speak  of  the  'static'  aspect  of  the  whole  order.  But  as  we 
have  tried  to  show  (i. 38-1. 55),  all  the  questions  which  we  can 
meaningfully  ask  about  the  differences  between  these  qualities 
must  necessarily  refer  to  the  different  effects  which  in  different 
combinations  they  will  exercise  on  succeeding  events:  on  how  their 
appearance  in  a  given  situation  affects  our  estimation  of  the  other 
elements  of  the  situation  and  so  on.  This  is  the  system  of  qualities 
seen  in  its  dynamic  aspect.  We  shall  later  (2.44,  3.51,  542)  see 
that  the  neural  counterpart  of  the  system  of  sensory  qualities  can 
similarly  be  regarded  under  the  static  aspect  of  an  apparatus  cap- 
able of  performing  the  various  discriminations,  or  dynamically  by 
describing  the  various  processes  which  it  can  perform. 

2.22.  Even  when  we  imagine  the  system  of  sensory  qualities  as 
existing  as  a  whole  at  a  given  moment,  we  do  not  mean  that  we 
ever  have  images  of  all  the  possible  sensory  qualities.  What  we 
mean  when  we  think  of  that  system  as  complete  at  any  moment  is 
that  we  could,  as  it  were,  run  through  it,  proceeding  from  one 
quality  to  similar  qualities,  and  by  thus  moving  along  all  the  pos- 
sible dimensions,  ultimately  exhaust  all  possibilities.  Even  the 
'static'  system  is  thus  in  fact  a  sequence  of  images  causally  con- 
nected in  complex  ways. 

2.23.  The  validity  of  the  contention  that  all  that  can  become  a 
problem  are  the  different  effects  which  the  different  qualities 
produce,  will  depend  on  what  in  this  connexion  we  include  under 
'effects'.  If,  with  the  strict  behaviourists,  we  were  to  confine  the 
term  'effects'  to  externally  observable  behaviour  (overt  action  or 
other  peripheral  responses)  the  contention  could  certainly  not  be 
defended.  There  is  no  justification,  however,  for  that  exclusive 
concentration  on  overt  action  which,  under  the  influence  of 
behaviourism,  has  been  the  fashion  in  psychology  during  the  last 
thirty  years.  Physiological  research  during  the  same  period  has 
rather  made  it  clearer  than  ever  that  we  cannot  hope  to  account 
for  observed  behaviour  without  reconstructing  the  'intervening 
processes  in  the  brain.' ^ 

2.24.  It  would  indeed  be  absurd  to  recognize  differences  in  the 

IC.  T.  Morgan,  1943,  p.  476. 
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responses  only  in  so  far  as  they  manifest  themselves  in  overt 
behaviour  and  to  disregard  our  subjective  knowledge  of  discrimi- 
nation: not  only  because  such  an  attempt  could  not  be  carried 
through  consistently(i.84-i.88),  but  also  because  we  know  that 
the  central  nervous  system  provides  an  apparatus  for  just  the  kind 
of  processes  which,  although  they  elude  direct  observation,  can  be 
shown  to  be  necessary  to  bring  about  the  observable  results.^  Any 
attempt  to  explain  the  distinction  between  sensory  qualities  in 
terms  of  peripheral  responses  was  bound  to  fail,  because  there  are 
no  unique  responses  attached  to  particular  stimuli.  As  we  shall 
presently  see,  there  is  a  process  of  multiple  classification  inserted 
between  stimulus  and  response  which  makes  it  possible  for  the 
response  to  take  account  of  the  significance  which  the  stimulus  has 
in  the  context  of  other  (external  and  internal)  stimuli. 

2.25.  We  shall  have  to  show  later  (4.35 — 441)  how  this  exclusive 
emphasis  on  peripheral  responses  is  also  misleading  because,  even 
in  so  far  as  peripheral  responses  contribute  to  the  discrimination 
between  stimuU,  they  can  affect  the  further  course  of  the  mental 
processes  only  through  the  proprioceptive  impulses  (the  'feed- 
back') by  which  they  in  turn  are  centrally  recorded ;  even  in  these 
instances  the  decisive  factors  are  therefore  not  the  motor  responses 
themselves,  but  the  sensory  impulses  which  they  send  back  to  the 
higher  centres.  We  shall  then  see  that  it  is  also  at  least  highly 
probable  that,  once  a  direct  connexion  has  been  established 
between  the  initial  sensory  impulse  and  the  impulse  recording  the 
motor  response  evoked  by  it,  the  actual  motor  response  becomes 
unnecessary  for  the  continued  functioning  of  this  particular 
mechanism. 

2.26.  Once  we  include  among  the  'effects'  of  a  stimulus  all  the 
intermediate  Hnks  which  may  intervene  between  the  stimulus 
causing  a  sensation  and  the  overt  response  to  it,  the  difficulty  of 
defining  sensory  qualities  in  terms  of  their  effects  largely  dis- 
appears. Whether  we  speak  in  terms  of  the  physiological  processes 
or  in  terms  of  the  sensory  qualities  which  they  evoke,  we  shall  find 
that  the  relevant  differences  between  the  individual  events  consist 
in  the  different  immediate  effects  which  they  produce  in  different 
combinations.  Each  event  or  group  of  events  will  be  distinguished 
from  most  others  by  the  fact  that  it  will  evoke  a  particular  set  of 
other  events.  The  ultimate  overt  response  may  thus  be  brought 

iQ.  G.  Pratt,  1939,  p.  147. 
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about  via  a  long  series  of  intermediate  links  which  in  the  neural 
process  cannot  be  directly  observed  but  can  only  be  reconstructed 
from  what  we  know  of  the  mental  counterparts  of  these  processes 
and  of  those  marginal  overt  responses  to  which  the  latter  lead. 

2.27.  The  apparent  paradox  that  certain  relations  between  non- 
mental  events  should  turn  them  into  mental  events  resolves  itself 
as  soon  as  we  accept  the  definition  of  mind  as  a  peculiar  order.  Any 
individual  neural  event  may  have  physical  properties  which  are 
similar  or  different  from  other  such  events  if  investigated  in  isola- 
tion. But,  irrespective  of  the  properties  which  those  events  will 
possess  by  themselves,  they  will  possess  others  solely  as  a  result  of 
their  position  in  the  order  of  inter-connected  neural  events.  As  an 
isolated  event,  tested  for  its  effects  on  all  sorts  of  other  such  events, 
it  will  show  one  set  of  properties  and  therefore  have  to  be  assigned 
a  particular  place  in  the  order  or  classification  of  such  single 
events;  as  an  element  of  the  complete  neural  structure  it  may  show 
quite  different  properties. 

2.28.  That  an  order  of  events  is  something  different  from  the 
properties  of  the  individual  events,  and  that  the  same  order  of 
events  can  be  formed  from  elements  of  a  very  different  individual 
character,  can  be  illustrated  from  a  great  number  of  different 
fields.  The  same  pattern  of  movements  may  be  performed  by  a 
swarm  of  fireflies,  a  flock  of  birds,  a  number  of  toy  balloons  or 
perhaps  a  flight  of  aeroplanes ;  the  same  machine,  a  bicycle  or  a 
cotton  gin,  a  lathe,  a  telephone  exchange  or  an  adding  machine, 
can  be  constructed  from  a  large  variety  of  materials  and  yet  re- 
mains the  same  kind  of  machine  within  which  elements  of  different 
individual  properties  will  perform  the  same  functions.  So  long  as 
the  elements,  whatever  other  properties  they  may  possess,  are 
capable  of  acting  upon  each  other  in  the  manner  determining  the 
structure  of  the  machine,  their  other  properties  are  irrelevant  for 
our  understanding  of  the  machine.^ 

2.29.  In  the  same  sense  the  peculiar  properties  of  the  elementary 
neural  events  which  are  the  terms  of  the  mental  order  ^  have 
nothing  to  do  with  that  order  itself.  What  we  have  called  physical 

^We  are  deliberately  not  using  here  the  even  greater  number  of  examples  of  an 
order  existing  irrespective  of  the  character  of  the  elements  of  which  it  consists 
in  which  in  any  way  mental  factors  are  involved,  such  as,  e.g.,  in  the  relation 
between  a  poem  in  its  printed  and  in  its  spoken  form,  etc. 
2E.  G.  Boring,  1933,  p.  233. 
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properties  of  those  events  are  those  properties  which  will  appear 
if  they  are  placed  in  a  variety  of  experimental  relations  to  different 
other  kinds  of  events.  The  mental  properties  are  those  which  they 
possess  only  as  a  part  of  the  particular  structure  and  which  may  be 
largely  independent  of  the  former.  It  is  at  least  conceivable  that 
the  particular  kind  of  order  which  we  call  mind  might  be  built  up 
from  any  one  of  several  kind  of  different  elements — electrical, 
chemical,  or  what  not;  all  that  is  required  is  that  by  the  simple 
relationship  of  being  able  to  evoke  each  other  in  a  certain  order 
they  correspond  to  the  structure  which  we  call  mind. 

2.30.  That  a  particular  order  of  events  or  objects  is  something 
different  from  all  the  individual  events  taken  separately  is  the 
significant  fact  behind  the  endless  and  unprofitable  talk  about 
'the  whole  being  greater  than  the  mere  sum  of  its  parts'.  Of  course 
an  order  does  not  arise  from  the  parts  being  thrown  together  in  a 
heap,  and  one  arrangement  of  a  given  set  of  parts  may  constitute 
something  different  from  another  arrangement  of  the  same  set  of 
parts.  An  order  involves  elements  plus  certain  relations  between 
them,  and  the  same  order  or  structure  may  be  formed  by  any 
elements  capable  of  entering  into  the  same  relations  to  each  other. 
The  capacity  of  entering  into  such  a  relation  is,  of  course,  a  pro- 
perty of  the  elements  as  much  as  any  of  those  other  properties 
which  are  irrelevant  so  far  as  the  particular  order  is  concerned.  A 
particular  order  can  exist  as  little  without  elements  possessing  that 
capacity,  as  the  elements  without  the  order  in  which  they  are 
related  to  each  other  would  possess  the  particular  significance 
which  they  have  in  that  order.  But  it  is  only  when  we  understand 
how  the  elements  are  related  to  each  other  that  the  talk  about  the 
whole  being  more  than  the  parts  becomes  more  than  an  empty 
phrase.  All  that  theoretical  biology  has  in  this  respect  to  say  on 
the  significance  of  structural  properties  as  distinct  from  the  pro- 
perties of  the  elements,  and  about  the  significance  of  'organiza- 
tion'^, is  directly  applicable  to  our  problem. 

2.31.  The  question  which  thus  arises  for  us  is  how  it  is  possible 
to  construct  from  the  known  elements  of  the  neural  system  a 
structure  which  would  be  capable  of  performing  such  discrimina- 
tion in  its  responses  to  stimuli  as  we  know  our  mind  in  fact  to 
perform. 

\J.  H.  Woodger,  1929,  p.  291  a-nd. passim;  L.  von  BertalanfTy,  1942  and  1949. 
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3.    THE    PRINCIPLE    OF    CLASSIFICATION 

2.32.  The  phenomena  with  which  we  are  here  concerned  are 
commonly  discussed  in  psychology  under  the  heading  of  'dis- 
crimination'. This  term  is  somewhat  misleading  because  it  suggests 
a  sort  of  'recognition'  of  physical  differences  between  the  events 
which  it  discriminates,  while  we  are  concerned  with  a  process 
which  creates  the  distinctions  in  question.  The  same  is  true  of  most 
of  the  other  available  words  which  might  be  used,  such  as  'to  sort 
out',  'to  differentiate',  or  'to  classify'.  The  only  appropriate  term 
which  is  tolerably  free  from  misleading  connotations  would  appear 
to  be  'grouping'.^ 

2.33.  For  the  purposes  of  the  following  discussion  it  will  never- 
theless be  convenient  to  adopt  the  term  'to  classify'  with  its  corres- 
ponding nouns  'classes'  and  'classification'  in  a  special  technical 
meaning.  The  next  few  paragraphs  will  serve  solely  to  make  pre- 
cise the  exact  meaning  in  which  we  propose  to  use  this  term.  We 
shall  at  first  consider  extremely  simple  processes  of  classification 
which  will  have  little  resemblance  to  the  more  complex  kinds 
which  are  relevant  to  our  main  task.  Our  present  purpose  will  be 
more  to  make  clear  what  the  principle  of  classification  as  such 
involves,  than  to  show  how  it  operates  in  the  nervous  system. 

2.34.  By  'classification'  we  shall  mean  a  process  in  which  on  each 
occasion  on  which  a  certain  recurring  event  happens  it  produces 
the  same  specific  effect,  and  where  the  effects  produced  by  any  one 
kind  of  such  events  may  be  either  the  same  or  different  from  those 
which  any  other  kind  of  event  produces  in  a  similar  manner.  All 
the  different  events  which  whenever  they  occur  produce  the  same 
effect  will  be  said  to  be  events  of  the  same  class,  and  the  fact  that 
every  one  of  them  produces  the  same  effect  will  be  the  sole  criterion 
which  makes  them  members  of  the  same  class. 

2.35.  We  may  conceive  of  a  machine  constructed  for  the  purpose 
of  performing  simple  processes  of  classification  of  this  kind.  We 
can,  for  instance,  imagine  a  machine  which  'sorts  out'  balls  of 
various  size  which  are  placed  into  it  by  distributing  them  between 
different  receptacles.  We  will  assume  that  no  two  balls  have  the 
same  size  so  that  size  is  merely  a  means  of  identifying  the  individual 
balls.  Indeed  we  shall  even  assume  that  no  two  balls  have  any 

^'Grouping'  was  used  somewhat  in  this  same  sense  by  G.  H.  Lewes,  1880, 
Problem  III,  Chapter  3,  §§33  and  34,  and  more  recently  by  J.  Piaget,  1947. 
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property  in  common  which  they  do  not  share  with  every  other 
ball  in  the  set,  so  that  there  are  not  'objective'  similarities  peculiar 
to  the  different  members  of  any  subgroup  or  class  of  these  balls ;  any 
grouping  of  different  balls  by  the  machine  which  places  them  into 
the  same  receptacle  will  create  a  class  which  is  based  exclusively  on 
the  action  of  the  machine  and  not  on  any  similarity  which  those 
balls  possess  apart  from  the  action  of  the  machine.^ 

2.36.  We  may  find,  for  instance,  that  the  machine  will  always 
place  the  balls  with  a  diameter  of  16,  18,  28,  31,  32,  and  40  mm  in 
a  receptacle  marked  A,  the  balls  with  a  diameter  of  17,  22,  30, 
and  35  in  a  receptacle  marked  B,  and  so  forth.  The  balls  placed 
by  the  machine  into  the  same  receptacle  will  then  be  said  to  belong 
to  the  same  class,  and  the  balls  placed  by  it  into  different  recep- 
tacles to  belong  to  so  many  different  classes.  The  fact  that  a  ball  is 
placed  by  the  machine  into  a  particular  receptacle  thus  forms  the 
sole  criterion  for  assigning  it  to  a  particular  class. 

2.37.  Another  kind  of  machine  performing  this  simplest  kind  of 
classification  might  be  conceived  as  in  a  similar  fashion  sorting 
out  individual  signals  arriving  through  any  one  of  a  large  number 
of  wires  or  tubes.  We  shall  regard  here  any  signal  arriving  through 
one  particular  wire  or  tube  as  the  same  recurring  event  which  will 
always  lead  to  the  same  action  of  the  machine.  The  machine 
would  respond  similarly  also  to  signals  arriving  through  some 
different  tubes  or  wires,  and  any  such  group  to  which  the  machine 
responded  in  the  same  manner  would  be  regarded  as  events  of  the 
same  class.  Such  a  machine  would  act  like  a  simplified  telephone 
exchange  in  which  each  of  a  number  of  incoming  wires  was  per- 
manently connected  with,  say  a  particular  bell,  so  that  any  signal 
coming  in  on  any  one  of  these  wires  would  ring  that  bell.  All  the 
wires  connected  with  any  one  bell  would  then  carry  signals 
belonging  to  the  same  class. 

2.38.  An  actual  instance  of  a  machine  of  this  kind  is  provided  by 
certain  statistical  machines  for  sorting  cards  on  which  punched 
holes  represent  statistical  data.  If  we  regard  the  appearance  of  any 
card  with  the  same  data  punched  on  it  as  the  recurrence  of  the 
same  event,  and  assume  that  the  machine  is  so  arranged  that  vari- 
ous groups  of  different  data  are  placed  into  the  same  receptacle, 

y.  Piaget,  1947,  p.  45:  'Un  concept  de  classe  n'est  psycholiquement  que 
rexpression  de  I'identite  de  reaction  du  sujet  vis-a-vis  des  objets  qu'il  reunit  en 
une  classe.' 
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we  should  have  a  machine  which  performs  a  classification  in  the 
sense  in  which  we  use  this  term. 


4.    MULTIPLE    CLASSIFICATION 

2.39.  In  the  kind  of  simple  classification  which  we  have  just  con- 
sidered, any  one  of  the  individual  recurrent  events  is  always 
grouped  with  the  same  group  of  other  events  and  with  them  only. 
But  the  same  principle  can  effect  what  may  be  called  multiple 
classification:  at  any  moment  a  given  event  may  be  treated  as  a 
member  of  more  than  one  class,  each  of  these  classes  containing 
also  different  other  events;  and  a  given  event  may  also  on  dif- 
ferent occasions  be  assigned  to  different  classes  according  to  the 
accompany  events  with  which  it  occurs.  The  classification  may 
thus  be  'multiple'  in  more  than  one  respect.  Not  only  may  each 
individual  event  belong  to  more  than  one  class,  but  it  may  also 
contribute  to  produce  different  responses  of  the  machine  if  and 
only  if  it  occurs  in  combination  with  certain  other  events.  Dif- 
ferent groups  consisting  of  different  individual  events  may  in  this 
manner  evoke  the  same  response  and  the  machine  would  then 
classify  not  only  individual  events  but  also  groups  consisting  of  a 
number  of  (simultaneous  or  successive)  events.  In  this  latter  case 
the  groups  (or  sequences)  of  individual  events  would  as  groups 
constitute  the  elements  of  the  different  classes. 

2.40.  The  first  kind  of  multiple  classification  could  be  performed, 
for  instance,  by  a  machine  similar  to  the  first  we  have  imagined  if, 
instead  of  placing  the  balls  into  different  receptacles,  it  were  to 
show  different  signs,  say  lights  of  different  colours,  every  time  a 
ball  is  placed  into  it.  A  ball  to  which  the  machine  responded  by 
showing  a  red  and  a  green  light  would  then  belong  to  two  classes 
of  balls,  that  of  all  balls  evoking  a  red  light  and  that  of  all  balls 
evoking  a  green  light.  Or,  in  the  case  of  the  second  kind  of  machine 
described  before,  which  performs  the  classification  by  establishing 
connexions  with  different  bells,  each  incoming  signal  might  be 
passed  on  to  more  than  one  bell  and  belong  accordingly  to  a 
corresponding  number  of  different  classes. 

2.41.  The  second  type  of  multiple  classification  would  be  repre- 
sented by  a  machine  whose  responses  depended  not  only  on  the 
individual  events  to  be  classified  but  also  on  the  combinations  in 
which  they  occurred.  The  classification  of  the  groups  of  events  by 
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such  a  machine  might  be  either  additional  to  the  classification  of 
the  individual  events,  or  occur  in  the  place  of  it,  so  that  the 
individual  event  which,  if  it  occurred  in  isolation,  evoked  say 
a  green  light,  would  not  do  so  but  contribute  to  produce  a  blue 
light  if  it  occurred  at  the  same  time  with,  or  within  a  short  interval 
of  certain  other  events. 

2.42.  We  shall  later  (3.52-3.57)  have  to  consider  yet  a  third  type 
of  multiple  classification:  namely  one  in  which  successive  acts  of 
classification  follow  upon  each  other  in  relays,  or  on  different 
'levels' ;  in  this  type  the  distinct  responses  which  effect  the  group- 
ing at  a  first  level  become  in  turn  subject  to  a  further  classification 
(which  also  may  be  multiple  in  both  the  former  senses).  This  is 
probably  the  most  important  characteristic  of  the  particular  kind 
of  classificatory  mechanism  which  the  nervous  system  represents ; 
but  while  we  are  merely  concerned  to  bring  out  certain  general 
principles,  we  shall  disregard  this  aspect  until  the  next  chapter. 

2.43.  In  the  system  of  classification  in  which  we  shall  be  in- 
terested the  different  individual  events  will  be  the  recurrent  im- 
pulses arriving  through  afferent  fibres  at  the  various  centres  of  the 
nervous  system.  For  the  purposes  of  this  discussion  we  shall  have 
to  assume  that  these  individual  impulses  possess  no  significant 
individual  properties  which  distinguish  them  from  one  another. 
They  must  be  regarded  initially  as  what  the  logician  describes 
as  an  'uninterpreted  set  of  marks'.  Our  task  will  be  to  show 
how  the  kind  of  mechanism  which  the  central  nervous  system 
provides  may  arrange  this  set  of  undifferentiated  events  in  an  order 
which  possesses  the  same  formal  structure  as  the  order  of  sensory 
qualities.^ 

2.44.  Throughout  the  discussion  of  that  neural  apparatus  of 
classification  it  will  be  important  to  keep  in  mind  the  distinction 
between  the  structural  and  the  functional  (or  the  static  and  the 
dynamic)  aspect  of  that  mechanism  (2.20-2.31).  The  elements  of 
the  (anatomical)  structure  will  be  the  different  fibres ;  the  element 
of  the  (physiological)  process  will  be  the  impulses  conducted  by 
these  fibres.  It  will  be  the  impulses  which  (as  individuals  or  groups) 
will  be  the  object  of  the  classificatory  process. 

2.45.  Our  task  will  thus  be  to  show  how  these  undifferentiated 
individual  impulses  or  groups  of  impulses  may  obtain  such  a 

^For  a  somewhat  similar  statement  of  the  problems  of  the  order  of  sensory 
qualities  see  R.  Car  nap,  1928. 
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position  in  a  system  of  relations  to  each  other  that  in  their  func- 
tional significance  they  will  resemble  one  another  or  differ  from 
another  in  a  manner  which  corresponds  strictly  to  the  relations 
between  the  sensory  qualities  which  are  evoked  by  them. 

5.    THE    CENTRAL    THESIS 

2.46.  We  shall  maintain  that  a  classification  of  the  sensory 
impulses  which  produces  an  order  strictly  analogous  to  the  order 
of  sensory  qualities  can  be  effected  by  a  system  of  connexions 
through  which  the  impulses  can  be  transmitted  from  fibre  to  fibre  ; 
and  that  such  a  system  of  connexions  which  is  structurally  equiva- 
lent to  the  order  of  sensory  qualities  will  be  built  up  if,  in  the 
course  of  the  development  of  the  species  or  the  individual,  con- 
nexions are  established  between  fibres  in  which  impulses  occur  at 
the  same  time. 

2.47.  That  such  connexions  through  which  impulses  are  trans- 
mitted are  created  as  a  result  of  the  simultaneous  occurrence  of 
sensory  impulses  is  an  almost  universally  accepted  hypothesis 
which  seems  indeed  indispensable  if  we  are  to  account  for  such 
well-established  facts  as  conditioned  reflexes,^  even  though  we  do 
not  yet  know  exactly  how  they  are  established  or  maintained.  For 
the  purposes  of  our  argument  it  is  irrelevant  whether  the  estab- 
lishment of  such  connexions  involves,  as  used  to  be  generally 
assumed,  a  change  in  the  anatomical  structure  of  the  central 
nervous  system  (such  as  the  'formation  of  new  paths'),  or  whether, 
as  some  more  recent  investigations  suggest,  they  are  based  on 
physiological  or  functional  changes,  such  as  the  setting  up  of  some 
continuous  circular  flow  of  impulses  in  certain  pre-existing 
channels.  2 

2.48.  The  transmission  of  impulses  from  neuron  to  neuron  within 
the  central  nervous  system,  which  is  thus  conceived  as  constituting 
the  apparatus  of  classification,  may  either  take  place  between  dif- 
ferent neurons  carrying  primary  impulses,  or  between  such  neu- 
rons and  other  ('internuncial')  neurons  which  are  not  directly 
connected  with  receptor  organs.  In  the  former  instance  the  same 

^More  recently  the  occurrence  of  such  connexions  between  sensory  impulses 
has  also  been  established  by  psychological  experiments  by  W.J.  Brogden  1939, 
1942,  1947  and  1950. 
^For  an  account  of  these  newer  views  see  E.  R.  Hilgard  and  D.  G.  Marquis, 

1940.  P-  330. 
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event,  an  impulse  in  an  afferent  neuron,  may  occur  either  as  the 
primary  object  of  classification  or  as  a  'symbol'  classifying  some 
other  primary  impulse.  But  since,  as  we  shall  see,  all  impulses, 
whether  primary  or  secondary  in  this  sense,  are  likely  to  be  sub- 
ject to  further  acts  of  classification,  and  therefore  to  appear  both 
as  instruments  and  as  objects  of  classification,  this  merely  com- 
plicates the  picture  but  does  not  alter  the  general  character  of  the 
process. 

2.49.  The  point  on  which  the  theory  of  the  determination  of 
mental  qualities  which  will  be  more  fully  developed  in  the  next 
chapter  differs  from  the  position  taken  by  practically  all  current 
psychological  theories^  is  thus  the  contention  that  the  sensory 
(or  other  mental)  qualities  are  not  in  some  manner  originally 
attached  to,  or  an  original  attribute  of,  the  individual  physio- 
logical impulses,  but  that  the  whole  of  these  qualities  is  deter- 
mined by  the  system  of  connexions  by  which  the  impulses  can  be 
transmitted  from  neuron  to  neuron;  that  it  is  thus  the  position  of 
the  individual  impulse  or  group  of  impulses  in  the  whole  system  of 
such  connexions  which  gives  it  its  distinctive  quality;  that  this 
system  of  connexions  is  acquired  in  the  course  of  the  development 
of  the  species  and  the  individual  by  a  kind  of  'experience'  or 
'learning' ;  and  that  it  reproduces  therefore  at  every  stage  of  its 
development  certain  relationships  existing  in  the  physical  environ- 
ment between  the  stimuli  evoking  the  impulses.  (We  shall  see  in 
Chapter  IV  that  this  'physical  environment'  within  which  the 
central  nervous  system  operates  includes  the  milieu  interieur,  i.e., 
the  organism  itself  in  so  far  as  it  acts  independently  of  the  higher 
nervous  centres;  and  in  Chapter  V  how  this  'experience'  differs 
from  experience  in  the  ordinary  meaning  of  the  word.) 

2.50.  This  central  contention  may  also  be  expressed  more  briefly 
by  saying  that  'we  do  not  first  have  sensations  which  are  then 
preserved  by  memory,  but  it  is  as  a  result  of  physiological 
memory  that  the  physiological  impulses  are  converted  into  sensa- 
tions. The  connexions  between  the  physiological  elements  are  thus 
the  primary  phenomenon  which  creates  the  mental  phenomena.'  ^ 

^The  closest  approximation  to  the  theory  developed  here  seems  to  have  been 
reached  by  D.  O.  Hebb,  1949,  a  work  which  came  to  my  knowledge  only  after 
the  present  book  was  completed  in  all  essentials. 

^The  quotation  is  a  translation  from  the  early  German  draft  of  the  present 
work  (1920)  referred  to  in  the  Preface. 
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2.51.  Although  suggestions  of  a  theory  of  mental  phenomena  on 
these  lines  are  impUcit  in  much  of  the  current  discussion  of  those 
problems  by  physiological  psychologists,  the  consequences  of  a 
systematic  appUcation  of  this  basic  idea  appear  never  to  have  been 
worked  out  consistently.  What  follows  is  little  more  than  an 
attempt  to  elaborate  the  main  implications  of  this  thesis.  It  will  be 
seen  that  its  consistent  development  leads  to  rather  important 
conclusions  and  assists  in  the  clearing  up  of  several  old  puzzles. 
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CHAPTER  III 

THE   NERVOUS    SYSTEM   AS    AN 
INSTRUMENT    OF    CLASSIFICATION 

I.    AN    INVENTORY    OF    THE    PHYSIOLOGICAL    DATA 

3.1.  Before  we  can  attempt  to  state  in  greater  detail  the  theory 
sketched  in  the  preceding  chapter,  it  will  be  necessary  to  take 
stock  of  the  essential  anatomical  and  physiological  facts  which  we 
shall  have  to  use  as  bricks  from  which  to  construct  an  apparatus  of 
the  kind  we  are  seeking.  For  our  purpose  it  will  not  be  necessary 
to  concern  ourselves  with  the  structure  and  the  functioning  of  the 
central  nervous  system  in  any  great  detail.  It  will  suffice  if  we 
briefly  note  certain  general  characteristics  of  its  parts  and  of  the 
processes  taking  place  in  them.  The  simplifications  which  we  shall 
employ  must  be  justified  by  the  fact  that  our  aim  is  not  so  much  to 
elaborate  a  theory  which  is  correct  in  every  detail,  as  to  show  how 
any  theory  of  this  kind  can  account  for  the  mental  events  with 
which  we  are  concerned. 

3.2.  According  to  an  almost  universally  held  view  the  nervous 
system  is  built  up,  like  the  rest  of  the  organism,  from  a  large 
number  of  separate  cells.  These  cells,  called  neurons,  consist  of  a 
cell  body  and  two  kinds  of  attaching  processes,  the  axon  and  the 
dendrites.  Although  some  doubt  has  recently  been  expressed 
concerning  this  'neuron  theory',  and  the  alternative  theory  of  an 
essential  continuity  of  the  system  of  nervous  fibres  has  been  put 
forward,^  we  shall  state  the  main  facts  in  terms  of  the  predominant 
view,  since  confirmation  of  the  alternative  theory  would  not 
significantly  affect  the  conclusions  at  which  we  arrive  from  the 
former.  The  main  facts  which  we  shall  have  to  take  into  account 
may  then  be  stated  as  follows: 

^For  a  brief  summary  of  the  recent  German  work  on  the  alleged  'continuity 
of  the  nervous  system'  see  W.  Bargmarm,  1947,  and  for  a  criticism,  N.  A. 
Hillarp,  1947. 
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3.3.  The  cerebral  cortex  is  the  highest  and  most  complex  of 
several  'bridges'  which  connect  the  afferent  fibres  conducting 
impulses  from  the  peripheral  receptors,  and  the  efferent  fibres 
conducting  impulses  to  the  motor  organs.  We  must  thus  conceive 
of  the  central  nervous  system  (and  probably  also  of  the  cortex 
itself)  as  a  hierarchy  consisting  of  many  superimposed  levels  of 
connexions,  all  of  which  may  be  concerned  in  the  transmission  of 
impulses  from  the  afferent  (sensory)  to  the  efferent  (motor)  fibres. 
This  conception  of  a  hierarchy  of  centres  or  levels  does,  of  course, 
not  imply  that  these  levels  can  always  be  sharply  separated,  either 
structurally  or  functionally,  or  that  they  are  superimposed  upon 
each  other  in  a  simple  linear  order. 

3.4.  The  number  of  separate  nerve  cells  within  these  centres  by 
far  exceeds  the  number  of  afferent  fibres  conducting  impulses  to 
them  and  of  the  efferent  fibres  conducting  impulses  from  them. 
The  cerebral  cortex  alone  has  been  estimated  to  contain  about  ten 
thousand  million  separate  cells  while  the  number  of  afferent  and 
efferent  fibres  is  of  the  order  of  magnitude  of  a  few  millions  only. 
The  number  of  distinct  afferent  fibres  reaching  the  cortex  is  also 
considerably  lower  than  the  number  of  distinct  sensory  receptors 
which  are  the  source  of  the  impulses  reaching  the  brain  through 
these  fibres. 

3.5.  While  the  peripheral  receptor  organs  in  which  the  impulses 
are  set  up  by  stimuli  are  in  general  sensitive  only  to  a  limited  range 
of  stimuli,  the  impulses  themselves  which  are  conducted  to  the 
nervous  centres  are  of  uniform  character  and  do  not  differ  from 
each  other  in  quality.  There  is  no  known  correspondence  between 
any  attributes  of  the  individual  impulse  and  either  the  attributes 
of  the  stimulus  which  caused  it  or  the  attributes  of  the  sensory 
quality  which  it  evokes  (1.31-1.37). 

3.6.  The  impulse  or  state  of  excitation  conducted  by  any  nervous 
fibre  is  not  a  continuous  flow  but  rather  a  succession  of  shocks 
following  each  other  at  very  short  intervals  and  usually  described 
as  a  'train'  (or  incorrectly  as  a  'volley')  of  impulses. 

3.7.  Each  fibre  will  normally  conduct  impulses  only  in  one  di- 
rection, although  it  seems  probable  that  the  fibre  itself  is  capable 
of  transmitting  impulses  in  either  direction  and  that  it  is  its  posi- 
tion with  respect  to  the  body  of  the  cell,  and  the  position  of  the 
whole  neuron  in  the  chain  of  neurons,  which  determines  in  which 
direction  the  impulses  will  normally  travel  through  a  fibre. 
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3.8.  The  impulses  conducted  by  the  nerve  fibres  obey  the  'all-or- 
nothing  principle'  which  states  that  any  given  fibre  may  only 
either  transmit  or  not  transmit  a  given  impulse,  but  that,  if  it  does 
transmit  it,  the  impulse  w^ill  always  be  of  the  same  strength.  This 
means  that  ^ve  have  throughout  to  deal  with  a  kind  of  'trigger 
phenomenon'  \vhere  what  is  loosely  called  a  'transmission'  of 
impulses  does  not  really  mean  a  conduction  of  energy  but  rather 
that  one  impulse  releases  energy  stored  up  in  the  next  cell  in  the 
chain. 

3.9.  The  'strength'  of  the  impulse,  which  shows  itself  in  its 
capacity  to  cause  excitation  in  other  neurons,  however,  will  differ 
not  only  between  different  fibres  but  also  between  different  seg- 
ments and  branches  of  the  same  fibre  roughly  in  proportion  to 
their  thickness.  But  while  the  impulse  conducted  by  a  given  fibre 
cannot  vary  in  strength,  it  may  vary  in  duration  (or  rather  in  the 
number  of  successive  shocks  of  which  the  train  of  impulses  is  made 
up),  and  this  variation  in  duration  will  in  some  respects  operate 
similarly  to  a  variation  in  strength  [see  3.13  below). 

3.10.  In  addition  to  the  impulses  transmitting  excitation  some 
nerve  fibres  appear  to  conduct  another  kind  of  impulses  which 
quell  or  inhibit  excitation. 

3.1 1.  At  certain  points  called  'synapses'  nervous  impulses  are 
transmitted  from  one  neuron  to  another.  Any  theory  that  is  to 
account  for  the  known  action  of  the  central  nerv'ous  system  must 
assume  that  these  'synapses'  are  not  permanent  or  invariable 
features  of  the  nerv^ous  system  but  can  be  created  and  modified  in 
the  course  of  its  operation,  probably  as  a  result  of  the  simultane- 
ous occurrence  of  impulses  in  two  or  more  adjoining  neurons.  As 
has  already  been  pointed  out  (2.47),  we  possess  practically  no 
knowledge  about  the  nature  of  these  synapses  or  the  mechanism 
by  which  they  are  created.  It  is  not  even  clear  whether  we  ought 
to  conceive  of  the  creation  of  a  new  synapse  as  a  change  in  the 
anatomical  structure,  which  is  the  interpretation  commonly  given 
to  the  'formation  of  a  new  path',  ^  or  whether  it  is  brought  about  by 
a  functional  change,  such  as  the  establishment  of  the  kind  of  per- 
manent circular  flow  of  impulses  mentioned  before.  In  so  far  as 

^Gf.  E.  D.  Adrian,  1947,  p.  92:  'The  notion  that  memories  might  be  related 
to  structural  changes  of  this  kind  has  often  been  rejected  on  the  ground  that  no 
one  has  been  able  to  detect  them  with  the  microscope,  but  the  chance  of  doing 
so  would  be  so  remote  that  the  objection  need  not  be  taken  very  seriously.' 
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connexions  of  this  kind  must  be  assumed  to  transmit  not  excita- 
tion but  inhibition,  there  does  not  appear  to  exist  even  a  plausible 
hypothesis  about  the  conditions  under  which  such  new  connexions 
would  be  established,  comparable  to  the  role  attributed  to  the 
simultaneity  of  the  impulses  for  the  formation  of  connexions  be- 
tween excitatory  impulses. 

3.12.  The  assumption  that  connexions  or  synapses  between 
neurons  are  created  as  the  result  of  the  simultaneous  excitation  of 
these  neurons  implies  the  further  assumption  that  these  connexions 
will  be  two-way  connexions,  i.e.,  that,  if  an  impulse  in  a  given 
neuron  is  regularly  transmitted  to  a  certain  other  neuron,  an 
impulse  in  this  second  neuron  will  also  be  regularly  transmitted 
to  the  first.  This  assumption  is  independent  of  the  question 
whether  the  transmission  in  the  two  opposite  directions  is  effected 
by  the  same  channel  or  whether  separate  channels  capable  of 
transmitting  impulses  in  opposite  directions  are  created  by  the 
same  circumstances. 

3.13.  The  operation  of  the  'all-or-nothing  principle'  is  partly 
modified  by  the  phenomenon  of  'summation'  which  appears  to 
operate  in  two  ways,  spatially  and  temporally:  either  impulses 
arriving  simultaneously  at  a  given  cell  through  different  fibres, 
although  each  of  them  individually  may  be  too  weak  to  cause 
excitation  of  that  cell,  may  yet  together  produce  that  result;  or  the 
succession  of  shocks  contained  in  a  train  of  impulses  in  a  single 
fibre  may  build  up  sufficient  strength  to  cause  excitation  to  the 
cell  to  which  they  are  conducted,  although  a  single  shock  or  a  few 
shocks  would  not  have  been  sufficient  to  do  so. 

3.14.  It  seems  that  in  many  instances  the  stimulation  of  more 
than  one  individual  receptor  organ  and  sometimes  perhaps  the 
stimulation  of  receptor  organs  of  several  different  kinds,  and 
consequently  the  arrival  of  impulses  through  a  number  of  different 
afferent  fibres,  is  required  in  order  that  a  sensation  of  a  particular 
quality  should  be  produced.  ^ 

2.    SIMPLIFYING   ASSUMPTIONS    ON    WHICH   THE    OPERATION 
OF    THE    PRINCIPLE    WILL    BE    DISCUSSED 

3.15.  In  the  preceding  enumeration  of  some  of  the  main  features 
of  the  functioning  of  the  central  nervous  system  certain  facts  have 

iC.  T.  Morgan,  1943,  pp.  297-8. 
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been  deliberately  left  out  which  are  not  required  for  the  very 
simplified  account  of  its  functioning  as  an  instrument  of  classifica- 
tion which  will  be  attempted  here.  In  particular,  we  have  left  out 
much  that  would  be  important  if  we  were  to  attempt  to  sketch 
the  temporal  pattern  of  the  order  of  impulses.  But  although  there 
can  be  no  doubt  that  this  time  structure  is  very  important,  any 
attempt  to  describe  it  would  have  to  make  use  of  a  great  deal  more 
of  physiological  detail  than  would  be  compatible  with  a  clear 
presentation  of  the  outline,  or  would  be  justified  by  the  present 
state  of  our  knowledge  of  these  matters.^ 

3.16.  Even  when  we  leave  out  this  problem  of  the  temporal  order 
of  the  neural  events,  the  possibilities  of  classification  of  impulses 
which  the  structure  of  the  neural  system  provides  are  of  such  a 
manifold  character  that,  in  order  to  obtain  a  clear  picture  of  how 
the  principle  operates,  it  will  be  advisable  to  approach  the  actual 
situation  by  gradual  steps.  We  shall  therefore  at  first  employ  a 
number  of  simplifying  assumptions  which  will  later  be  gradually 
dropped.  The  simple  models  which  we  shall  discuss  in  the  present 
chapter  serve  merely  to  bring  out  certain  salient  features  of  the 
complex  process  of  classification. 

3.17.  The  first  simplifying  assumption  of  this  kind  which  we  shall 
employ  provisionally  is  that  we  shall  consider  how  a  single  afferent 
impulse  arriving  at  the  higher  centres  may  here  be  classified  or 
be  discriminated  from  other  similar  impulses.  This  is,  of  course,  a 
very  artificial  case,  since  it  is  most  unHkely  that  at  any  moment 
only  one  such  impulse  will  arrive,  and  even  doubtful  whether,  if 
this  ever  happened,  such  an  isolated  impulse  would  give  rise  to  a 
sensation. 

3.18.  The  second  simplifying  assumption  we  shall  adopt  for  the 
present  is  perhaps  even  more  drastic  and  unrealistic.  We  shall 
concentrate  entirely  on  the  order  created  by  connexions  formed 
between  sensory  neurons  and  for  the  time  being  entirely  neglect 
the  connexions  established  between  sensory  and  motor  neurons. 
The  whole  problem  of  the  relation  between  sensation  and  motor 
action  or  behaviour  will  be  taken  up  only  in  the  next  chapter. 

3.19.  Closely  connected  with  this  second  simplification  is  a  third 
which  we  also  shall  adopt  for  the  time  being,  namely  the  disregard 
of  the  hierarchal  structure  of  the  central  nervous  system.  We  shall, 
in  other  words,  begin  by  considering  how  connexions  between 

■"^See,  however,  now  D.  O.  Hebb,  1949. 
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sensory  neurons  might  create  an  order  if  they  were  all  formed  in  a 
single  centre  or  on  one  and  the  same  level. 

3.20.  The  two  last-mentioned  simplifications  mean,  of  course, 
that  as  a  first  approximation  we  shall  neglect  two  facts  which  are  of 
crucial  and  decisive  importance  for  the  actual  functioning  of  the 
nervous  system.  It  has  rightly  become  a  commonplace  in  neuro- 
physiology that  we  must  not  think  in  terms  of  separate  sensory 
and  motor  mechanisms  but  rather  in  terms  of  a  single  sensori- 
motor system.  If,  nevertheless,  at  first  we  treat  in  isolation  that 
part  of  the  sensory  order  which  might  be  produced  by  connexions 
between  the  sensory  iwipulses  only,  and  postpone  to  the  next 
chapter  the  questions  of  the  interaction  between  sensory  and  motor 
impulses,  this  is  in  deliberate  contrast  to  current  practice.  Our 
procedure  is  based  on  the  belief  that  in  recent  times  the  direct  con- 
nexions between  sensory  and  motor  impulses  have  been  rather 
overstressed  at  the  expense  of  an  adequate  recognition  of  the  order 
which  may  be  determined  by  connexions  within  the  sensory 
sphere  only. 

3.21.  When  in  the  course  of  this  chapter  we  speak  of  the  'effects' 
of  particular  sensory  impulses  we  shall  therefore  refer  to  their 
effects  on  other  central  processes.  These  effects  may  consist  in  the 
evocation  of  other  impulses  either  in  neurons  which  can  also  be 
excited  by  primary  impulses,  or  of  impulses  in  'internuncial' 
neurons  in  which  an  impulse  acts,  as  it  were,  merely  as  a  symbol 
or  sign  for  a  class  of  afferent  impulses. 

3.22.  We  shall  also,  for  the  purposes  of  the  present  discussion, 
continue  to  disregard  one  of  the  main  difficulties  which  a  fuller 
examination  of  our  problem  would  have  to  face:  the  distinction 
between  the  phylogenetic  and  the  ontogenetic  aspects  of  the  pro- 
cess of  the  formation  of  the  order  of  sensory  qualities.  As  we  have 
already  mentioned  (2.49),  it  is  probable  that  some  of  the  con- 
nexions formed  in  the  development  of  the  species  become  em- 
bedded in  the  structure  of  the  central  nervous  system  while  others 
will  be  formed  during  the  life  of  the  individual.  For  the  purposes 
of  the  present  schematic  sketch  we  shall  neglect  this  distinction  and 
proceed  as  if  the  formation  of  the  system  of  connexions  commenced 
in  an  individual  organism  endowed  with  an  apparatus  capable  of 
forming  such  connexions  but  in  which  at  the  outset  no  such  con- 
nexions existed. 

3.23.  Another  important  question  which  for  lack  of  sufficient 
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knowledge  we  must  leave  undecided,  is  whether  the  connexions 
formed  between  neurons  which  simultaneously  receive  afferent 
impulses  will  be  direct  connexions  between  these  neurons  or 
whether  we  ought  to  conceive  of  them  as  mediated  by  other  cells 
which  are  not  directly  linked  with  receptor  organs  but  serve 
merely  as  connecting  links  between  other  neurons.  Such  third-cell 
connexions  certainly  occur,  and  from  the  proportion  between  the 
total  number  of  neurons  in  the  cortex  and  the  much  smaller 
number  of  afferent  and  efferent  fibres  (3.4)  it  would  appear  that 
the  greater  part  of  the  neurons  forming  the  cerebral  cortex  can 
have  no  direct  connexions  with  receptor  or  effector  organs  and  are 
likely  to  perform  some  such  mediating  function. 
3.24.  Finally,  it  should  be  remembered  throughout  the  following 
discussion  that  when  we  speak  of  connexions  this  will  include  what 
we  may  call  'potential'  as  well  as  effective  connexions,  i.e.,  con- 
nexions which  transmit  impulses  which  by  themselves  would  not 
be  strong  enough  to  cause  excitation  of  the  neurons  to  which  they 
are  conducted,  unless  they  are  reinforced  (through  summation) 
by  other  impulses  arriving  there  more  or  less  at  the  same  time,  as 
well  as  connexions  carrying  impulses  sufficiently  strong  by  them- 
selves to  transmit  excitation. 


3.    ELEMENTARY   FORMS    OF    CLASSIFICATION 

3.25.  If  we  now  turn  to  consider  the  significance  of  the  fact  that 
the  different  sensory  neurons  in  the  cortex  will  have  acquired 
various  sets  of  connexions  with  other  neurons,  it  will  at  once  be 
evident  that  if  each  of  two  or  more  neurons  should  be  connected 
with  exactly  the  same  other  neurons,  so  that  an  impulse  occurring 
in  any  one  of  the  former  will  be  transmitted  to  the  same  group  of 
other  neurons,  the  effects  of  an  impulse  in  any  one  of  the  former 
will  be  the  same.  Their  position  in  the  whole  structure  of  con- 
nexions would  be  identical  and  their  functional  significance  would 
be  the  same.  (Cf.,  2.5). 

3.26.  With  this  extreme  instance  of  complete  identity  of  all  con- 
nexions possessed  by  a  number  of  neurons  we  may  at  once  con- 
trast the  opposite  instance  where  a  number  of  neurons  possess  no 
common  connexions  with  the  same  other  neurons.  Between  these 
two  limiting  cases  there  may  exist  any  number  of  intermediate 
positions:  groups  of  neurons  which  have  a  larger  or  smaller  part  of 
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their  connexions  in  common.  We  can  thus  speak  of  greater  or 
smaller  degrees   of  similarity  of  the   position   of  the   different 
neurons  in  the  whole  system  of  such  connexions. 

3.27.  This  similarity  of  the  positions  of  the  individual  neurons  in 
the  whole  system  of  connexions  can  vary  not  only  in  degree  but 
also  in  kind.  Of  three  neurons,  a,  b,  and  c,  possessing  the  same 
number  of  connexions  with  other  neurons,  a  may  have  the  same 
number  of  connexions  in  common  with  b  as  it  has  with  c,  which 
would  mean  (at  least  if  all  these  connexions  were  also  of  the  same 
strength)  that  the  similarities  between  the  positions  of  a  and  b  and 
between  the  positions  of  a  and  c  were  of  the  same  degree.  Yet  these 
similarities  might  be  of  different  kinds,  because  some  or  all  of  the 
connexions  which  a  had  in  common  with  b  might  be  different  from 
those  which  a  had  in  common  with  c.  This  means,  of  course,  that 
although  the  position  of  a  in  the  whole  system  of  connexions 
would  be  similar  to  that  of  Z)  and  to  that  oft,  there  might  be  much 
less  similarity  or  no  similarity  at  all  between  the  positions  of  b  and 
c.  This  merely  expresses  the  fact  that  the  relation  of  similarity  is 
non-transitive  ( i  .46) . 

3.28.  A  very  high  degree  of  similarity  in  the  position  of  the  dif- 
ferent neurons  in  the  system  of  connexions  is  likely  to  exist  where- 
ever  the  neurons  are  served  by  receptors  sensitive  to  stimuli  which 
always  or  almost  always  occur  together.  This  is  most  likely  where 
these  receptors  are  not  only  sensitive  to  the  same  kind  of  physical 
stimuli  but  also  situated  in  close  proximity. 

3.29.  If  we  can  show  how  all  the  afferent  impulses  which  give 
rise  to  sensations  of  the  same  quality  are  likely  to  be  transmitted 
to  the  same  group  of  further  neurons,  and  by  this  fact  will  be  dis- 
tinguished from  impulses  producing  different  sensory  qualities, 
we  shall  have  provided  an  answer  to  our  problem  in  the  simplest 
form  in  which  it  occurs:  we  shall  have  explained  the  equivalence 
of  the  impulses  occurring  in  different  fibres.  There  are  several 
obvious  reasons  which  lead  us  to  expect  that  such  a  classification 
of  certain  impulses  as  equivalent  in  all  or  some  respects  will  be 
brought  about  as  a  result  of  the  relative  frequency  with  which 
different  impulses  occur  together. 

3.30.  In  the  first  instance,  it  is  on  the  whole  more  likely  that 
receptor  organs  sensitive  to  physically  similar  stimuli  will  be 
excited  at  the  same  time,  and  it  is  therefore  to  be  expected  that 
especially  close  connexions  will  be  formed  between  the  central 
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neurons  to  which  the  corresponding  impulses  are  transmitted. 
Where  the  physical  stimuli  can  vary  continuously  in  one  or  more 
dimensions,  as  in  the  case  of  light  or  sound,  mixtures  or  bands  of 
various  frequencies  of  Hght  or  sound  waves  usually  occur  together 
and  those  which  are  more  closely  similar  in  a  physical  sense  prob- 
ably also  occur  more  frequently  together.  It  is  thus  to  be  expected 
that,  e.g.,  not  only  all  impulses  set  up  by  light  waves  (or  by  sound 
waves)  will  acquire  some  common  connexions  but  also  that  there 
will  be  more  such  common  connexions  according  as  these  stimuli 
are  more  or  less  closely  akin  physically. 

3.31.  These  connexions  are  likely  to  be  closest  where  the  recep- 
tors are  situated  near  to  each  other,  but  we  shall  also  expect  all 
the  receptors  of  a  given  organism  which  are  sensitive  to  the  same 
kind  of  physical  stimuli  to  be  frequently  excited  at  the  same  time, 
so  that  a  fairly  dense  net  of  connexions  will  be  formed  between 
the  corresponding  central  neurons.  Similarly  we  shall  expect  fairly 
close  connexions  to  be  formed  between  the  neurons  served  by 
neighbouring  receptors  which  are  sensitive  to  stimuli  which  occur 
frequently  together  because  they  emanate  from  the  same  physical 
objects,  such  as  pressure  and  temperature,  certain  chemical  agents 
acting  simultaneously  on  mouth  and  nose,  etc.,  etc. 

3.32.  Secondly,  any  particular  kind  of  stimulus  will  usually  occur 
more  frequently  in  the  company  of  some  other  stimuli  than  in  that 
of  others,  and  the  connexions  between  the  central  neurons  corres- 
ponding to  physically  different  stimuli  will  thus  come  to  reflect  the 
relative  frequency  in  which  these  different  stimuli  occur  together. 
What  has  been  said  before  about  the  specially  close  connexions 
between  impulses  caused  by  physical  stimuli  of  the  same  kind  will 
also  apply  to  impulses  caused  by  stimuli  which,  although  they  are 
not,  like  all  light  waves,  physically  closely  similar,  at  least,  like 
movement  and  sound,  usually  occur  together. 

3.33.  Thirdly,  in  many  instances  it  is  likely  that  certain  kinds  of 
stimuli  will  usually  act  together  on  the  organism  when  the  organ- 
ism itself  is  in  a  particular  state  of  balance  or  of  activity,  either 
because  the  stimulus  regularly  occurs  under  conditions  producing 
that  state,  or  because  it  occurs  periodically  so  as  to  coincide  with 
some  rhythm  of  the  body.  The  impulses  which  register  such 
external  stimuli  will  then  become  connected  with  impulses  received 
from  the  proprioceptors  which  register  the  different  states  of  the 
organism  itself. 
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3.34.  The  result  of  all  this  will  be  that  a  system  of  connexions  will 
be  formed  which  will  record  the  relative  frequency  with  which  in 
the  history  of  the  organism  the  different  groups  of  internal  and 
external  stimuli  have  acted  together.  Each  individual  impulse  or 
group  of  impulses  will  on  its  occurrence  evoke  other  impulses 
which  correspond  to  the  other  stimuli  which  in  the  past  have 
usually  accompanied  its  occurrence.  We  shall  call  this  bundle  of 
secondary  impulses  which  each  primary  impulse  will  set  up 
through  these  acquired  connexions  the  following  of  the  primary 
impulse.  It  will  be  the  total  or  partial  identity  of  this  following  of 
the  primary  impulse  which  makes  them  members  of  the  same  class.  ^ 

4.    COMPLEX    FORMS    OF    CLASSIFICATION 

3.35.  Even  as  a  result  of  the  comparatively  simple  processes  dis- 
cussed in  the  last  section  each  impulse  would  become  the  member 
not  merely  of  one  class  but  of  as  many  distinct  classes  as  will  corres- 
pond, not  only  to  the  number  of  other  impulses  which  constitute 
its  following,  but  in  addition  also  to  the  number  of  possible 
combinations  (pairs,  triples,  quadruples,  etc.)  of  such  other  im- 
pulses; it  might  have  any  such  part  of  its  following  in  common 
with  different  groups  of  other  impulses  and  therefore  form  a  dis- 
tinct class  with  them.  We  obtain  thus  already  a  somewhat  complex 
form  of  'multiple'  classification  in  the  first  of  the  senses  distin- 
guished before  (2.39-2.40). 

3.36.  Attention  should  be  directed  already  at  this  stage  to  a 
circumstance  which  will  have  to  be  further  considered  at  a  later 
point  (3.52ff.),  namely,  the  fact  that  the  kind  of  classificatory  pro- 
cesses which  we  are  now  considering  differ  from  those  performed 
by  the  machines  discussed  earlier  in  one  important  respect.  In  the 
instances  which  we  are  now  considering,  the  classificatory  re- 
sponses are  not  different  in  kind  from,  but  are  events  of  the  same 
sort  as,  those  which  are  the  object  of  classification.  In  consequence, 

^We  cannot,  without  going  more  deeply  into  the  physiological  problems  in- 
volved than  seems  expedient,  examine  the  question  whether  the  group  of  con- 
nected impulses  which  thus  form  the  following  of  any  particular  primary 
impulses  may  not  come  to  form  relatively  stable  aggregations  in  the  sense  that, 
by  the  individual  impulses  mutually  evoking  each  other,  they  may  maintain 
themselves  for  some  time  beyond  the  duration  of  the  stimulus.  Such  a  con- 
ception appears  to  underlie  the  construction  of  a  'cell  assembly'  used  by  D.  O. 
Hebb,  1949. 
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it  is  possible  that  one  and  the  same  event  may  appear  both  as  an 
object  of  classification  and  as  an  act  of  classification.  The  impulse 
produced  by  a  peripheral  stimulus  is  'classified'  by  evoking  other 
impulses  which  might  also  be  produced  by  peripheral  stimuli.  We 
shall  see  that  it  is  a  consequence  of  this  relationship  between  the 
classifying  and  the  classified  impulses  that  a  process  of  classifica- 
tion can  produce  'models'  of  extremely  complex  relationships 
between  stimuli,  and  indeed  can  reproduce  the  order  of  any  con- 
ceivable structure. 

3.37.  In  accordance  with  the  distinction  we  have  drawn  between 
'effective'  and  'potential'  connexions  between  neurons  (3.24)  we 
shall  also  have  to  distinguish  between  that  part  of  the  following 
of  an  impulse  which  will  always  occur  whenever  that  impulse 
occurs,  and  that  part  which  is  merely  'potential'  and  which  will 
appear  only  if  the  tendency  towards  an  excitation  of  the  neurons 
constituting  the  'potential'  following  is  supported  by  other  im- 
pulses operating  towards  the  same  effect. 

3.38.  In  the  extreme  case  where  the  following  acquired  by  any 
one  neuron  of  a  given  class  is  completely  identical  with  that  of  the 
other  members  of  the  class,  their  individual  position  in  the  whole 
system  of  connexions  and  therefore  their  functional  significance 
would  also  be  identical.  This  result  is  possible  but  not  likely  to 
occur  frequently.  When  I  was  first  working  on  these  problems  I 
thought  I  had  found  an  instance  of  such  undistinguishable  sensa- 
tions caused  by  stimuli  operating  on  different  receptors  in  the  case 
of  pressure  on  teeth  standing  opposite  each  other;  I  am  no  longer 
in  a  position  to  verify  this.  Such  pressure  seemed  to  me  indis- 
tinguishable so  far  as  immediate  experience  was  concerned,  and  I 
was  able  to  decide  which  tooth  was  concerned  only  by  calling  in 
further  sensory  experience,  such  as  touching  the  teeth  individually 
with  my  fingers.  This  case  would,  of  course,  satisfy  the  condition 
that  the  two  stimuli  almost  always  occur  together. 

3.39.  There  are  undoubtedly  other  instances  where  stimuli, 
although  they  set  up  impulses  in  distinct  fibres,  remain  indis- 
tinguishable. As  a  rule,  however,  we  find  that  even  very  similar 
sensations  caused  by  the  stimulation  of  different  receptors  differ 
from  each  other,  if  in  no  other  way,  at  least  by  an  awareness  of  the 
different  points  at  which  they  occur,  or  by  what  used  to  be  called 
their  'local  sign'.  If  we  are  to  account  for  these  differences  between 
the  effects  of  impulses  which  produce  sensation  otherwise  of  the 
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same  quality,  we  shall,  in  addition  to  the  common  following  which 
accounts  for  their  similar  quality,  have  to  find  differences  which 
account  for  their  assignment  to  different  points  in  space. 

3.40.  If  we  examine  this  problem  at  first  in  connexion  with 
vision  we  enter  a  field  where  the  kind  of  explanation  which  we  are 
attempting  to  apply  generally  was  first  used  to  account  for  a  special 
problem:  ever  since  Bishop  Berkeley  the  connexions  between  the 
impulses  registering  the  visual  stimuli  on  the  retina  and  the 
kinesthetic  impulses  recording  the  tension  of  the  muscles  used  for 
focusing  the  eye  have  been  employed  for  explaining  the  spatial 
order  of  sensations.  A  particular  visual  impulse  may  have  acquired 
exactly  the  same  connexions  with  other  visual  impulses  and  thus 
be  classified  as  differing  qualitatively  in  the  same  manner  from  all 
other  visual  stimuli,  and  yet  it  may  differ  from  the  former  by  being 
connected  with  a  different  set  of  kinesthetic  impulses. 

3.41.  The  use  we  shall  make  of  this  fact,  however,  will  in  two 
respects  differ  from  that  made  of  it  in  the  Berkeley-Helmholtz- 
Mach  theory  of  spatial  vision.  Firstly,  the  impulses  registering  the 
state  of  muscular  tension  will  not  be  conceived  as  producing  dis- 
tinct sensations  but  will  be  considered  merely  as  physiological 
events  which  are  associated  with,  and  evoked  by,  the  visual 
stimuli,  and  which  contribute  to  the  peculiar  effects  which  the 
latter  are  capable  of  producing. 

3.42.  Secondly,  what  we  shall  regard  as  connected  with  the 
visual  impulses  will  not  be  the  actual  movements  of  the  eye 
muscles  but  merely  the  sensory  impulses  which  normally  record 
such  movements  in  the  central  nervous  system  but  which  may  also 
occur,  if  they  are  associatively  evoked  by  the  visual  impulses,  with- 
out the  eye  movements  actually  occurring.  It  would,  therefore,  not 
be  a  valid  objection  against  this  interpretation  if  it  were  pointed 
out  that  the  movements  of  the  eye  postulated  by  the  traditional 
theory  do  not,  in  fact,  take  place. 

3.43.  The  theory  of  spatial  vision  serves  here  merely  as  an  ex- 
ample of  the  manner  in  which  the  spatial  order  of  sensations  can 
in  general  be  accounted  for.  And  even  this  in  turn  is  significant  for 
us  mainly  as  an  illustration  of  the  even  more  general  way  in  which 
most  specific  acts  of  sensation  require  particular  postures  or 
attitudes  of  the  body  in  order  that  the  characteristic  quaHty  of  the 
sensation  should  be  produced.  This  fact  will  have  to  be  con- 
sidered further  in  the  next  chapter  (4.35-444). 
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3.44.  At  this  point  the  artificial  separation  of  the  connexions 
existing  between  different  sensory  impulses  from  those  between 
them  and  motor  impulses  becomes  difficult  to  maintain.  We  have 
already  been  forced  to  take  into  account  the  motor  responses 
usually  accompanying  the  acts  of  perception — motor  responses 
which  are  probably  directed  from  some  lower  level  of  the  central 
nervous  system,  and  which  in  turn  will  give  rise  to  kinesthetic  and 
other  proprioceptive  impulses  which  will  become  part  of  the  fol- 
lowing of  the  initial  sensory  impulse.  These  matters,  however,  can 
only  be  considered  further  at  a  later  stage. 

3.45.  The  common  spatial  order,  ^  which  is  part  of  the  common 
order  of  all  sensations,  serves  here  merely  as  an  instance  of  the 
great  variety  of  relations  between  different  sensory  impulses  which 
will  help  to  build  up  that  order.  The  bundles  of  connexions  or  the 
following  which  any  one  of  several  sensory  neurons  may  acquire 
can  differ  from  those  of  others  in  an  almost  infinite  variety  of  ways, 
ranging  from  complete  identity  of  their  following  to  complete 
absence  of  any  common  connexions ;  and  every  difference  in  the 
connexions  which  the  individual  neurons  possess  will  have  its 
peculiar  functional  significance. 

3.46.  To  the  possibilities  of  functional  differentiation  of  the 
different  impulses  by  connexions  transmitting  excitation,  we  have 
to  add  the  effects  of  the  second  kind  of  connexions  mentioned 
earlier,  namely  those  transmitting  inhibition  (3.10).  In  whatever 
manner  such  inhibitory  connexions  may  be  acquired  in  the  first 
instance  and  later  transferred,  their  existence  extends  the  range  of 
possible  differences  in  the  position  which  any  one  impulse  may 
occupy  in  the  whole  system  of  connexions :  it  adds  the  possibility 
of  different  impulses  having  effects  which  are  directly  opposed  to 
each  other.  In  such  instances  the  evocation  of  certain  other  im- 
pulses normally  following  upon  the  occurrence  of  a  given  impulse 
would  be  prevented  if  still  other  impulses  occurred  at  the  same 
time.  The  range  of  functional  differentiation  of  the  impulses  which 
may  be  determined  by  the  differences  in  their  following  is  thus 

^It  is  significant  for  our  purposes  that  this  common  spatial  order  extends  only 
as  far  as  the  same  physical  events  give  rise  to  the  stimulation  of  different  senses 
and  that,  e.g.,  as  William  James  has  pointed  out,  our  perception  of  size  within 
the  cavity  of  the  mouth,  which  in  the  nature  of  the  case  is  not  co-ordinated 
with  visual  stimuli,  does  not  fully  form  part  of  the  same  spatial  order  as  our 
visual  experiences. 
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extended,  from  equality  through  various  degrees  of  similarity  and 
difference,  to  contrariness  and  complete  opposition. 

3.47.  The  significance  of  the  differences  in  the  following  which 
different  neurons  will  have  acquired  will  show  itself  in  the  dif- 
ferences between  the  effects  which  the  impulses  occurring  in  them 
will  produce  in  different  circumstances.  The  manner  in  which  any 
newly  arriving  impulse  will  modify  the  existing  excitatory  state  of 
the  whole  nervous  system,  and  in  which  it  will  combine  its  effects 
with  those  of  all  other  simultaneously  arriving  impulses,  will  de- 
pend on  the  different  followings  of  all  those  impulses.  The  further 
course  through  which  any  one  bundle  of  impulse-chains  will  run 
will  be  determined  by  the  following  of  each  successive  impulse  and 
by  the  manner  in  which  the  impulses  of  this  following  will  combine 
with  (i.e.,  reinforce  or  inhibit)  other  impulses  proceeding  at  the 
same  time  {see  5.53). 

3.48.  In  the  complex  interplay  of  many  chains  of  impulses  pro- 
ceeding at  the  same  time,  the  identity  of  the  greater  part  of  the 
followings  which  two  or  more  neurons  possess  will  bring  it  about 
that  the  occurrence  of  any  one  of  them  will  in  most  situations 
produce  the  same  or  similar  results,  and  that  their  simultaneous 
occurrence  will  tend  to  reinforce  those  parts  of  their  following 
which  they  have  in  common. 

3.49.  Such  a  system,  in  which  each  of  a  set  of  events  is  connected 
with  many  others  in  such  a  way  that  the  occurrence  of  any  one  or 
of  any  group  of  them  causes  (or  contributes  to  bring  about)  the 
occurrence  of  certain  others,  evidently  performs  classifications  in 
the  sense  in  which  we  have  defined  this  term.  All  the  impulses  or 
groups  of  impulses  which  evoke  the  same  other  impulses  will  be- 
long to  the  same  'class'  because  they  have  this  particular  effect  in 
common.  Individual  impulses  or  groups  of  impulses  will  of  course 
almost  always  belong  to  a  great  many  different  classes,  that  is, 
multiple  classification  in  the  first  of  the  different  senses  we  have 
distinguished  (2.40)  will  be  the  rule. 

3.50.  Since  the  different  individual  impulses  will  become  mem- 
bers of  a  class  through  the  fact  that  each  of  them  evokes  the  same 
other  impulses,  it  seems  permissible  to  say  that  the  latter  represent 
the  common  attribute  of  the  members  of  the  class — though  it 
would  be  more  correct  to  say  that  they  constitute  that  attribute.  The 
classification  is  effected  by  the  evocation  of  certain  other  impulses, 
and  the   latter  serve,    as   it   were,    as   the   'signs'    or   'symbols' 
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representing  the  class;  the  expression  'representative  processes  in 
the  brain'   which  has  been  much  used  in  recent  physiological 
psychology,^  can  therefore  appropriately  be  applied  to  them. 

3.51.  It  has  been  suggested  above  (2.20-2.31,  2.44)  that  the 
mechanism  which  we  are  considering  can  be  conceived  either 
'statically',  as  an  apparatus  capable  of  performing  classifications, 
or  'dynamically',  as  a  process  of  classification.  In  the  preceding 
discussion  we  have  sometimes  spoken  in  terms  of  the  former,  e.g., 
when  we  spoke  of  connexions  between  neurons  through  which 
impulses  are  transmitted,  and  sometimes  in  terms  of  the  latter, 
when  we  spoke  of  the  impulses  evoking  each  other.  These  two 
aspects  of  the  same  phenomenon  correspond  to  the  two  aspects  of 
the  system  of  sensory  qualities  which  we  discussed  then.  It  should 
now  be  clear  that  it  is  the  dynamic  aspect  which  is  the  really 
relevant  one  and  that  the  static  view  is  merely  a  method  which  is 
sometimes  convenient  to  use  for  describing  the  potential  opera- 
tions of  the  system. 

5.    THE    CLASSIFICATION    OF   THE    RELATIONS    BETWEEN 

CLASSES 

3.52.  There  is  no  reason  why  such  connexions  as  we  have  been 
considering  should  be  formed  only  between  primary  sensory 
impulses,  i.e.  between  impulses  arriving  through  afferent  fibres 
at  the  higher  centres;  they  can  evidently  be  formed  in  a  similar 
manner  between  the  further  impulses  which  are  evoked  by  the 
former  and  which  represent  classes  of  them.  Any  impulse  which 
occurs  as  part  of  the  following  of  one  or  more  other  impulses  will, 
on  each  occasion  when  it  thus  occurs,  acquire  or  strengthen  con- 
nexions with  other  impulses  which  form  part  of  the  same  following. 
Connexions  of  this  kind  will  therefore  also  be  formed  between 
impulses  which  as  primary  impulses  rarely  if  ever  occur  at  the 
same  time,  but  which  on  different  occasions  have  become  con- 
nected with  the  same  third  impulse,  in  the  following  of  which  they 
have  in  consequence  become  included. 

3.53.  This  acquisition  of  connexions  between  impulses  in  con- 
sequence of  their  simultaneous  occurrence  in  a  secondary  or  de- 
rived character  is  specially  important  in  so  far  as  those  neurons  in 
the  cerebral  cortex  are  concerned  which  are  not  directly  served  by 

^See  C.  T.  Morgan,  1943,  pp.  467,  476. 
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sensory  receptors  but  which  appear  to  act  solely  as  intermediaries 
between  other  sensory  neurons  or  between  sensory  and  motor 
neurons.  Impulses  in  such  neurons  will  occur,  and  in  turn  them- 
selves acquire  connexions,  only  in  so  far  as  they  are  part  of  the 
following  of  other  impulses ;  but  once  they  have  acquired  such  a 
position  in  the  system  of  connexions,  they  will  in  turn  be  able  to 
acquire  their  own  following  and  this  will  include  impulses  belong- 
ing to  the  following  of  all  the  different  other  primary  impulses  of 
which  they  form  a  part. 

3.54.  In  the  higher  centres  there  occur  undoubtedly  a  great 
many  impulses  which  do  not  uniquely  correspond  to  particular 
stimulations  of  sensory  receptors  but  which  represent  merely 
common  qualities  attributed  to  the  primary  impulses;  these  re- 
presentatives of  classes  of  primary  impulses  will  in  turn  become  the 
objects  of  further  processes  of  classification ;  the  classes  for  which 
they  stand  will  be  further  grouped  into  classes  of  classes,  and  this 
process  can  be  repeated  on  many  successive  levels.  We  need,  of 
course,  not  assume  that  these  'levels'  are  clearly  separated  or  that 
the  same  impulse  may  not  form  part  of  the  following  of  several 
other  impulses  which  belong  to  dijEferent  'levels'. 

3.55.  The  process  of  classification  which  we  are  considering  is 
therefore  'multiple'  not  only  in  the  two  senses  which  we  have  dis- 
cussed before  (2.39-2.43),  but  also  in  a  third  sense:  it  can  take 
place  on  many  successive  levels  or  stages,  and  any  one  of  the 
various  classes  in  which  an  impulse  may  be  included  may  in  turn 
become  the  object  of  further  classification.  This  third  sense  in 
which  this  process  of  classification  may  be  multiple  must  not  be 
confused  with  the  second  (2.41) ;  the  latter  refers  to  the  case  where 
groups  of  simultaneously  occurring  impulses  {a,  b,  c,),  {e,  f,  g), 
{i,  k,  /),  which,  when  they  occur  as  groups,  are  as  groups  treated 
as  members  of  the  same  class  of  groups.  In  the  third  sense  multiple 
classification  refers  to  the  class  A  (of  which  individual  impulses 
a,  b,  c,  or  groups  of  impulses  {a,  b,  c),  {e,f,  g),  etc.  may  be  members) 
and  the  class  B  (of  which  the  impulses  m,  n,  0,  or  the  groups  of 
impulses  (m,  b,  0),  {p,  q,  r),  etc.  are  members)  and  the  similar  class 
C,  or  rather  to  the  'symbols'  representing  the  classes  A,  B,  and  C, 
which,  by  the  common  following  they  acquire,  become  members  of 
a  class  of  a  higher  order. 

3.56.  These  different  forms  of  multiple  classification  which  it  is 
necessary  to  distinguish  conceptually,  will,  of  course,  occur  in 
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various  combinations,  and  we  obtain  thus  possibilities  of  classifica- 
tion of  (or  discrimination  between)  the  different  individual  im- 
pulses and  groups  of  impulses  which  are  practically  unlimited. 
The  consequent  differences  in  the  influence  which  different 
impulses  will  exercise  on  the  whole  course  of  the  nervous  pro- 
cesses, varying  from  identity  through  various  degrees  of  similarity 
to  complete  difference,  would  be  adequate  for  building  up  an 
extremely  complex  system  of  relations  among  the  millions  of 
impulses. 

3.57.  The  word  classification  scarcely  conveys  an  adequate  idea 
of  the  almost  infinite  wealth  of  variety  and  gradation  of  the  dis- 
criminations which  can  be  performed  by  such  an  apparatus.  Since 
it  is  not  merely  a  question  of  a  particular  impulse  either  belonging 
or  not  belonging  to  a  particular  class,  but  also  of  its  belonging  to 
it  more  or  less  'strongly'  (according  as  the  connexions  with  the 
classifying  impulses  are  'effective'  or  merely  'potential',  and  there- 
fore in  the  latter  case  requiring  more  or  less  support  in  order  to 
become  'effective' — 3.24  and  3.37),  it  would  be  more  appropriate 
to  describe  these  complex  processes  by  some  such  term  as  'evalua- 
tion'. We  shall  occasionally  employ  this  latter  term  in  the  place  of 
'classification'  in  order  to  stress  that  the  process  is  capable  of 
making  distinctions  of  degree  as  well  as  distinctions  of  kind. 

3.58.  The  combination  of  the  different  kinds  of  multiple  classi- 
fication opens  up  the  possibility  of  a  still  further  organization  of 
the  order  of  the  impulses,  because  through  it  the  differences  of  the 
positions  occupied  in  the  whole  system  of  classification  by  the 
impulses  belonging  to  different  classes  may  themselves  become  the 
object  of  classification  and  thereby  acquire  distinct  qualities  of 
their  own. 

3.59.  It  has  been  pointed  out  before  (3.17)  that  it  is  a  somewhat 
misleading  and  artificial  approach  to  trace  the  effects  of  a  single 
afferent  impulse  as  if  it  ever  occurred  in  isolation  and  as  if  its 
position  were  to  be  determined  in  an  otherwise  quiescent  system ; 
and  that  it  is  doubtful  whether  such  a  single  isolated  impulse,  even 
if  it  ever  occurred,  could  produce  a  sensory  quality.  It  is  probable 
that  only  groups  of  impulses  as  such  can  acquire  that  distinct 
position  in  the  whole  system  which  we  call  its  quality.  There 
exists,  moreover,  a  good  deal  of  physiological  evidence  which 
makes  it  probable  that  it  is  the  so-called  'gradients'  between 
different  impulses  rather  than  the  individual  impulses  which  are 
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the  significant  features^.  "We  must,  therefore,  consider  more  fully 
this  case  where  not  a  single  impulse  but  only  certain  groups  of 
impulses  as  groups  acquire  a  distinct  following  of  their  own  (the 
second  kind  of  multiple  classification)  and  where  in  consequence 
the  specific  following  determining  a  class  of  groups  of  impulses  will 
be  evoked  only  if  the  whole  of  a  group  belonging  to  this  class 
occurs. 

3.60.  The  constituents  of  a  following  that  will  appear  only  if 
certain  impulses  forming  a  group  occur  together  must  be  con- 
nected with  the  individual  impulses  forming  the  group  by  what 
we  have  called  'potential'  connexions.  The  simplest  instance  of 
such  a  position  would  be  provided  by  several  primary  impulses 
which  possess  potential  connexions  with  the  same  other  secondary 
impulse  which  will  be  called  forth  only  if  all  the  primary  impulses 
forming  the  group  occur  at  the  same  time  (or  in  rapid  succession). 
Several  diflferent  groups  of  such  individual  impulses  may  evidently 
thus  become  connected  with  the  same  symbolic  impulse  (or  fol- 
lowing of  impulses)  which  will  then  stand  for  a  class  of  such 
groups  of  impulses.  And  the  symbolic  or  secondary  impulse  (or 
following  of  such  impulse)  which  stands  for  any  one  of  this  class  of 
groups  of  impulses  (performing  thus  the  second  kind  of  multiple 
classification)  may  then  (by  the  third,  or  relay  type,  of  multiple 
classification)  become  itself  a  member  of  some  new  and  higher 
class  of  impulses  representing  classes  of  groups  of  impulses.  This 
higher  class  will  then  be  represented  by  impulses  which  are 
symbols  of  classes  of  symbols,  and  so  on. 

3.61.  As  a  result  of  such  combinations  of  the  different  kinds  of 
multiple  classification  it  is  evidently  possible  that  the  simultaneous 
occurrence  of  members  of  several  different  pairs  (or  groups)  of 
different  classes  of  impulses,  will  be  classed  as  similar  events  or,  we 
might  say,  as  different  events  related  similarly  to  each  other. 
Since  in  such  a  case  the  same  classifying  impulse  or  impulses  will 
be  evoked  by  different  pairs  (or  groups)  of  impulses  which 
separately  do  not  belong  to  the  same  class,  it  is  legitimate  to  speak 
here  of  a  classification  of  the  difference  (or  relations)  between 
classes  of  the  first  kind. 

3.62.  In  order  to  bring  out  distinctly  the  meaning  of  such  a 
classification  of  the  difference   (or  relation)   between  different 

^Cf.  E.  D.  Adrian,  1947,  p.  82,  and  especially  V.  von  Weizsaecker,  1947, 
passim. 
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classes,  it  will  be  useful  to  consider  the  diflferent  meanings  of  the 
expressions  'respond  differently  to  different  impulses',  'show  the 
same  difference  in  the  response  to  different  pairs  of  impulses',  and 
'respond  to  a  difference  between  impulses'.  In  these  expressions 
'respond',  of  course,  does  not  necessarily  refer  to  any  peripheral 
response  of  the  organism  but  to  the  symbolic  or  classifying  re- 
sponses in  the  central  nervous  system.  'To  respond  differently  to 
different  impulses'  then  corresponds  to  what  we  have  called  simple 
classification.  'To  show  the  same  difference  in  the  response  to 
impulses  of  different  pairs  which  in  other  respects  are  classified  as 
equal'  means  that  although,  e.g.,  the  impulses  a  and  b  in  most 
respects  belong  to  the  same  classes  and  similarly  the  impulses  e  and 
/also  belong  in  most  respects  to  the  same  other  classes,  there  is  at 
least  one  reaction  which  a  and  e  and  another  which  b  and /have 
in  common.  'To  react  to  a  difference',  finally,  means  that  any 
member  of  the  class  A  occurring  with  any  member  of  class  B  will 
produce  the  same  response.  If  this  same  classifying  response  is  also 
evoked  by  the  occurrence  of  any  member  of  class  E  together  with 
any  member  of  class  F,  and  by  the  occurrence  of  any  member  of 
class  K  together  with  any  member  of  class  Z,  we  can  say  that  the 
differences  or  relations  between  the  classes  (or  qualities)  A  and  B, 
E  and  F,  and  K  and  L  are  the  same. 

3.63.  The  impulses  which  in  this  manner  come  to  stand  for,  or  to 
represent,  particular  classes  of  relations  between  other  impulses 
will  in  turn  also  acquire  their  own  following  and  thereby  obtain 
their  own  distinct  functional  significance:  the  quahties  represented 
by  their  common  following  would  attach  to  the  relations  between 
the  primary  impulses  rather  than  to  those  impulses  themselves. 
Or,  to  express  the  same  idea  differently,  the  various  kinds  of 
relations  between  different  impulses  may  themselves  become  dif- 
ferentiated from  each  other  and  thus  become  capable  of  forming 
the  starting  points  of  distinct  chains  of  further  impulses. 

3.64.  The  relations  between  impulses  or  classes  of  impulses  may 
thus  be  ordered  as  a  system,  or  be  classified,  in  the  same  way  and 
by  the  same  kind  of  process  by  which  the  individual  impulses  or 
groups  of  impulses  are  arranged  in  an  order.  It  is  in  fact  only  at 
this  point  that,  strictly  speaking,  we  are  entitled  to  speak  of  dif- 
ferent relations  between  the  impulses  (see  i. 56-1. 61  and  2.20).  It 
will  now  be  seen  how,  as  a  result  of  the  hierarchical  organization 
of  the  connexions  between  different  impulses,  the  one  kind  of 
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'relation'  from  which  we  started  (namely  the  causal  connexion 
between  the  impulses)  can  be  used  to  build  up  complex  structures 
with  regard  to  which  it  is  legitimate  to  speak  of  different  kinds  of 
relations   existing  between   the  various   elements. 

3.65.  This  process,  by  which  the  relations  on  which  the  classifi- 
cation of  the  primary  impulses  is  based,  become  in  turn  the  object 
of  classificatory  processes,  can  evidently  be  repeated  on  many 
levels.  Not  only  relations  between  impulses,  but  relations  between 
relations  between  impulses,  and  so  forth,  may  all  acquire  their 
distinct  following  and  in  consequence  become  capable  of  forming 
the  starting  point  for  distinct  further  proesses. 

3.66.  The  complexity  of  the  order  which  can  be  built  up  by 
means  of  this  variety  of  relations  is  for  all  practical  purposes  un- 
limited. Given  the  number  of  separate  neurons  in  the  higher 
nervous  centres  and  the  number  of  the  possible  connexions  be- 
tween them,  the  problem  is  not  one  of  the  limitation  of  the  number 
of  possible  differences  between  their  respective  positions  in  the 
whole  system,  but  rather  the  inadequacy  of  our  mind  to  follow  out 
the  full  degree  of  complexity  of  the  order  which  can  thus  be  de- 
termined. It  seems  indeed  that  any  conceivable  order  or  structure 
of  relationships  could  be  reproduced  within  such  a  system. 

3.67.  The  differences  in  the  functional  significance  or  in  the 
'quality'  which  different  groups  of  impulses  may  acquire  as  groups, 
and  which  may  be  independent  of  the  functional  significance 
which  the  individual  impulses  forming  these  groups  possess  if  they 
occur  singly,  is  thus  a  problem  of  the  same  character  as  that  of  the 
functional  differentiation  of  the  individual  impulses,  and  can  be 
answered  by  recourse  to  the  same  principle.  But  although  the 
processes  which  bring  about  these  differentiations  are  in  principle 
independent  of  each  other,  and  while  it  is  even  possible  that  only 
the  classification  of  the  groups  and  never  that  of  individual 
impulses  is  the  significant  phenomenon,  these  classifications  on 
different  levels  will,  of  course,  interact  with  each  other. 

3.68.  There  will  thus  exist  as  much  justification  for  saying  that 
the  capacity  of  the  individual  impulses  to  combine  with  others  into 
groups  possessing  distinct  functional  significance  will  contribute 
to  the  distinct  character  which  these  impulses  possess  individually, 
as  there  is  for  saying  that  the  latter  will  contribute  to  the  distinc- 
tive following  possessed  by  the  group  as  group.  Neither  of  these  two 
aspects  of  what  is  a  single  process  can  in  any  sense  be  regarded  as 

74 


THE  NERVOUS  SYSTEM 
more  fundamental.  Both  contribute  in  the  same  way  to  the  organi- 
zation of  the  whole  system  of  sensory  qualities ;  and  it  is  the  whole 
complex  order  thus  produced  which  determines  the  characteristic 
position  within  this  order  of  individual  impulses  as  well  as  of 
groups  of  impulses. 

3.69.  The  fact  that  chains  of  further  processes  ('associations')  can 
be  evoked  not  only  by  the  'elementary'  sensory  qualities  (which 
were  supposed  to  correspond  to  the  occurrence  of  particular  pri- 
mary impulses),  but  also  by  certain  'abstract'  attributes  of  dif- 
ferent groups  of  sensations  (such  as  figures,  tunes,  rhythms,  or 
abstract  concepts),  has  usually  been  regarded  as  an  insurmount- 
able obstacle  to  any  physiological  explanation  of  mental  proces- 
ses.^ For  the  approach  followed  here  no  such  difficulty  arises:  the 
problem  of  the  equivalence  of  'similar'  complexes  of  stimuli  is  not 
different  in  principle  from  the  problem  why  the  same  associations 
should  become  attached  to  different  impulses  which  correspond  to 
the  same  'elementary'  qualities.  The  problem  of  equivalence  in 
both  these  instances  is  basically  the  same  and  can  be  solved  by  the 
application  of  the  same  general  principle  of  explanation. 

3.70.  Once  a  given  impulse  has  acquired  a  definite  following  in 
common  with  other  impulses,  any  new  connexion  which  it 
acquires  will  become  attached  also  to  the  impulses  of  its  following 
and  will  be  evoked,  therefore,  also  by  the  other  primary  impulses 
with  which  it  shares  part  of  its  following,  although  those  other 
primary  impulses  may  never  have  occurred  at  the  same  time  with 
those  others  with  which  they  become  in  this  indirect  manner 
associated.  If  all  the  different  qualities  which  different  impulses 
have  in  common  are  represented  by  certain  symbolic  impulses 
standing  for  these  qualities  and  included  in  the  following  of  all  the 
impulses  possessing  that  quality,  there  is  no  difficulty  about  the 
manner  in  which  associations  will  become  attached  to  such  com- 
mon qualities  of  different  impulses  rather  than  to  the  individual 
impulses.    The    phenomena   of  transfer   and    generalization   of 

^Cf.,  e.g.,  G.  F.  Stout,  191 5,  p.  88,  and  E.  D.  Adrian,  1947,  p.  82;  'The  nervous 
system  reacts  to  relations  between  stimuli  and  performs  the  appropriate  task 
with  any  part  of  the  motor  system  that  is  available.  We  cannot  represent  it  as 
a  series  of  machines  for  operating  upon  the  map  of  events  unless  we  add  a 
number  of  devices  to  make  good  this  fundamental  difference.  On  the  sensory 
side  there  must  be  something  to  abstract  the  significant  element  of  a  pattern 
and  on  the  motor  side  something  to  do  just  the  reverse,  to  convert  the  abstrac- 
tion into  concrete  movement.' 
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learning  ( i  .50)  are  a  direct  consequence  of  the  fact  that  identical 
mental  attributes  are  represented  byidentical  physiological  impulses. 

6.  THE    UNIVERSAL    CHARACTER    OF    THE    PROCESS    OF    CLASSIFI- 
CATION:   GESTALT    PHENOMENA    AND    ABSTRACT    CONCEPTS 

3.71  The  fact  that  relations  between  the  parts  of  the  total  sensory 
situation,  which  individually  may  be  quite  unlike  each  other,  may 
yet  be  recognized  as  similar,  of  course,  is  the  most  general  aspect 
of  the  problem  of  gestalt.  But  while  the  significance  of  the  phe- 
nomenon has  come  to  be  generally  appreciated  mainly  as  the 
result  of  the  work  of  the  gestalt  school,  it  is  by  now  recognized  by 
practically  all  schools  of  psychology.  That  in  perception  we  do  not 
merely  add  together  given  sensory  elements,  and  that  complex 
perceptions  possess  attributes  which  cannot  be  derived  from  the 
discernible  attributes  of  the  separate  parts,  is  one  of  the  conclu- 
sions most  strongly  emphasized  by  practically  all  recent  develop- 
ments in  psychology, 

3.72.  As  we  have  seen,  it  is,  in  fact,  no  more  difficult  to  explain 
why  different  impulses  caused  by  different  combinations  of  stimuli, 
which  singly  would  occupy  altogether  different  positions  in  the 
whole  system  of  relations,  should  as  combinations  occupy  similar 
positions  in  that  system,  than  why  different  single  impulses  pro- 
duced by  different  physical  stimuli  should  acquire  the  same  or  a 
similar  functional  significance.  That  the  problem  of  gestalt  per- 
ception was  singled  out  as  a  special  problem  was  largely  due  to  the 
fact  that  it  was  still  widely  believed  that  the  'elementary'  sensory 
qualities  were  somehow  originally,  and  in  a  manner  either  not 
requiring  or  not  capable  of  explanation,  attached  to  the  elemen- 
tary nervous  impulses.  The  fight  which  even  before  the  rise  of  the 
gestalt  school  some  psychologists  had  conducted  against  the 
'mosaic  psychology',  which  conceived  the  more  complex  pheno- 
mena as  built  up  from  mental  elements  corresponding  to  the 
physiological  elements,^  was,  however,  bound  to  be  unsuccessful 
so  long  as  the  purely  relative  character  of  all  sensory  qualities  was 
not  recognized. 

^See  W.  McDougall,  1923,  p.  x,  where  James  Ward,  F.  H.  Bradley,  Dawes 
Hicks  and  G.  F.  Stout  are  mentioned  as  protagonists  of  the  fight  against  the 
'mosaic  psychology'.  A  similar  list  of  German  writers  of  that  period  could  be 
given. 
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3.73.  With  regard  to  the  more  complex  sensory  phenomena  our 
theory  leads  indeed  to  conclusions  very  similar  to  those  of  the 
gestalt  school.  This,  however,  is  so  because  our  approach  leads  us 
to  raise  with  regard  to  all  sensory  qualities,  even  those  presumed 
to  be  the  most  'elementary',  the  same  question  which  the  gestalt 
school  raised  with  regard  to  configurations.  Once  we  are  led  to 
account  even  for  what  used  to  be  regarded  as  'simple'  or  'elem- 
entary sensory  qualities  by  the  principles  outlined  here,  gestalt 
phenomena  and  'abstractions'  do  not  raise  any  fundamentally  new 
or  different  problem. 

3.74.  As  a  result  of  the  work  of  the  gestalt  school  the  view  has 
now  become  widely  accepted  that  sensory  qualities  must  not  be 
regarded  as  atomic  fact  but  should  be  conceived  as  determined  by 
the  'organization  of  the  field'.  It  may  be  suggested  that  the  theory 
of  the  determination  of  sensory  qualities  here  developed  gives  this 
somewhat  vague  conception  of  the  'organization  of  the  field'  a 
precise  meaning;  and,  at  the  same  time,  that  it  takes  this  whole 
approach  some  steps  further  by  making  it  clear,  firstly,  that  the 
'organization  of  the  field'  is  based  on,  and  is  in  principle  capable 
of  explanation  in  terms  of,  causal  connexions  between  physiolo- 
gical impulses ;  and,  secondly,  that  this  organization  of  the  field  is 
not  additional  to  the  qualities  of  any  kind  of  atomic  sensations  (as 
most  of  the  discussion  of  'perceptual  organization'  still  implies), 
but  that  it  is  the  structure  of  that  field  which  determines  the 
pecuHar  functional  significance  of  the  individual  impulse,  or 
groups  of  impulses,  which  we  know  as  their  sensory  quahties. 

3.75.  The  conception  of  the  'organized  field'  is  usually  applied 
to  the  system  of  qualities  belonging  to  one  particular  sense  or 
modality.  For  our  purposes  it  will  be  necessary  to  interpret  its 
meaning  more  widely  and  to  include  in  the  conception  not  only 
the  relations  between  the  different  qualities  belonging  to  the  same 
modahty,  but  also  the  relations  which  exist  between  the  qualities 
belonging  to  different  modalities  (i. 56-1. 67).  The  fact  that  the 
whole  system  of  sensory  qualities  must  in  this  sense  be  regarded  as 
one  organized  field  need  not  prevent  us,  however,  from  occasion- 
ally speaking  of  different  fields  as  sub-systems  of  the  more  compre- 
hensive system — sub-systems  within  which  the  elements  are 
differentiated  by  a  more  dense  and  complex  system  of  relations. 

3.76.  In  treating  the  so-called  elementary  sensations  and  the 
more   complex   sensory   phenomena   as   instances    of  the   same 
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process,  and,  therefore,  as  being  capable  of  being  explained  by  re- 
course to  the  same  principle,  we  arrive  (again  in  agreement  with 
the  views  of  the  gestalt  school)  at  the  conclusion  that  there  is  no 
substantial  difference  between  the  acts  of  'sensation'  and  of  'per- 
ception': both  appear  as  essentially  similar  and,  as  we  shall  see 
later,  they  constitute  merely  different  stages  in  an  even  more  com- 
prehensive range  of  processes,  all  of  which  can  be  interpreted  as 
acts  of  classification  (or  evaluation)  performed  by  the  central 
nervous  system.  We  shall  therefore  henceforth  use  the  terms  'per- 
ception' and  'perceiving'  in  their  popular  meaning  in  which  they 
include  the  experiencing  .of  'elementary'  sensory  qualities  as  well 
as  the  perception  of  shapes,  objects,  etc.^ 

3.77.  It  will  be  shown  later  (6.44-6.50)  that  the  principle  used  to 
explain  these  phenomena  applies  also  to  the  so-called  'higher' 
mental  processes  such  as  the  formation  of  abstract  concepts  and 
conceptual  thought.  With  regard  to  those  we  are,  of  course,  more 
familiar  with  the  interpretation  as  processes  of  classification  in 
which  classes  of  events,  or  classes  of  such  classes,  interact  in  a 
complex  manner.  It  should  be  noted,  however,  that  if  what  are 
called  abstractions  are  most  easily  accounted  for  as  classes 
of  classes,  etc.,  this  does  not  mean  that  they  must  always  be 
secondary,  in  the  sense  of  being  derived  from  previous  conscious 
experience.  The  perception  of  an  abstract  feature  of  a  situation 
may  in  some  measure  be  independent  of  the  perception  of  the 
'concrete'  elements  of  which  that  situation  may  seem  to  be  made 
up  (6.40). 

3.78.  The  processes  of  classification  and  re-classification  on  suc- 
cessive levels,  and  the  'higher'  mental  processes  corresponding  to 
them,  will  have  to  be  considered  further  (Chapters  V  and  VI)  in 
connexion  with  the  whole  process  of  the  building  up  of  the  system 
of  connexions  as  a  whole.  Before  we  can  turn  to  this,  however, 
we  must  consider  another  source  of  classification  which,  in  con- 
sequence of  the  simplifying  assumptions  made,  we  have  so  far 
disregarded. 

^On  the  apparent  conflict  with  the  views  of  the  gestak  school  in  which  we  have 
been  led  by  explaining  the  formations  of  gestalt  qualities  by  a  sort  of  experience 
see  5.16  below. 
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CHAPTER  IV 
SENSATION   AND   BEHAVIOUR 

I.       SENSATION    AND    THE    ORGANISM 

4.1.  In  the  preceding  chapters  the  apparatus  for  the  classification 
of  impulses  has  been  represented  as  if  it  were  a  neutral,  self-con- 
tained, and  completely  centralized  system  which  passively  regis- 
tered the  simultaneous  occurrence  of  impulses  set  up  by  external 
stimuli  and  thus  came  to  reflect  the  significance  which  the  stimuli 
possessed  in  the  environment  of  this  system.  Such  a  passive  appara- 
tus of  registration  is  conceivable,  and  to  consider  it  served  to  bring 
out  the  general  principle  of  our  theory.  But  it  would  be  something 
very  different  from  the  sort  of  apparatus  which  the  nervous  system 
constitutes.  While  it  would  register  the  significance  of  the 
stimuli  in  the  environment,  it  would  not  indicate  the  special 
significance  which  they  possess  for  the  living  organism  of  which 
that  apparatus  forms  a  part. 

4.2.  The  exclusive  concentration  on  the  order  that  might  be 
created  by  the  establishment  of  the  connexions  between  sensory 
impulses  only  has  been  adopted  quite  deliberately  (3.18).  It  was 
intended  to  emphasize  one  aspect  of  the  more  complete  picture 
which,  under  the  influence  of  behaviourism,  has  been  somewhat 
neglected  during  the  last  generation.  The  emphasis  which  was 
placed  during  that  period  on  the  observable  peripheral  responses 
brought  it  about  that  the  role  played  by  the  higher  nervous  centres 
has  been  largely  disregarded,  and  that  the  whole  relation  between 
stimulus  and  response  has  often  been  treated  as  if  the  higher 
centres  did  not  exist.  In  the  preceding  chapters  we  have  gone  to 
the  other  extreme  and  practically  disregarded  everything  except 
the  central  effects  of  any  sensory  impulse.  This  temporary  dis- 
regard of  the  fact  that  the  nervous  system  operates  within  a  living 
and  acting  organism,  which  in  some  measure  is  capable  of  adaptive 
and  regulative  behaviour  apart  from  control  by  the  higher  nervous 
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centres,  must  now  be  corrected  by  an  explicit  consideration  of 
these  facts. 

4.3.  In  the  present  chapter,  therefore,  we  shall  have  to  examine 
not  only  the  effects  of  the  sensory  on  the  motor  processes,  but  also 
have  to  give  much  greater  attention  than  we  have  yet  done  to  the 
sensory  impulses  set  up  by  the  various  processes  in  the  body,  that 
is,  to  the  registration  of  stimuli  which  originate  in  what  has  appro- 
propriately  been  called  the  milieu  interieur,  the  internal  environ- 
ment, within  which  the  central  nervous  system  functions.  Of  the 
latter  we  shall  have  to  conceive  as  a  sort  of  apparatus  of  control 
superimposed  upon  a  living  whole  rather  than  as  a  self-contained 
and  fully  centralized  structure  of  its  own. 

4.4.  In  turning  to  these  problems  we  are  entering  a  field  in 
which  the  very  attitudes  which  during  the  past  generation  have 
led  to  a  comparative  neglect  of  our  main  problem  have  led  to 
great  progress  and  the  accumulation  of  a  wealth  of  new  knowledge. 
We  have  nothing  to  add  to  this  and  cannot  even  hope  to  give  the 
barest  outline  of  all  the  relevant  facts  which  a  more  systematic 
survey  of  the  field  would  have  to  take  into  account.  The  sole  pur- 
pose of  this  chapter  is  to  show  how  our  theory  of  the  determination 
of  sensory  qualities  fits  into  the  picture  of  the  'integrated  action  of 
the  nervous  system'  which  is  gradually  emerging. 

4.5.  At  the  same  time  it  should  be  pointed  out,  however,  that  in 
one  respect  in  which  the  task  which  we  are  undertaking  is  most  in 
need  of  a  solid  foundation,  theoretical  biology  is  only  just  begin- 
ning to  provide  the  needed  theoretical  tools  and  concepts.  An 
adequate  account  of  the  highly  purposive  character  of  the  action 
of  the  central  nervous  system  would  require  as  its  foundation  a 
more  generally  accepted  biological  theory  of  the  nature  of  adaptive 
and  purposive  processes  than  is  yet  available. 

4.6.  The  consideration  of  the  inter-relations  between  sensory  and 
motor  processes  will  also  make  it  necessary  to  take  more  explicit 
notice  of  the  hierarchical  order  of  the  central  nervous  system.  We 
shall  see  that  the  organization  of  all  connexions  between  sensory 
and  motor  processes  on  many  superimposed  levels,  and  the 
corresponding  existence  of  a  hierarchy  of  centres  of  increasing 
comprehensiveness,  is  of  the  greatest  importance  for  the  under- 
standing of  the  sensory  order. 

4.7.  In  some  measure  connected  with  this  hierarchical  order  of 
the  nervous  system  is  the  distinction  between  the  phylogenetic  and 
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the  ontogenetic  aspects  of  the  processes  in  question,  or  between 
those  connexions  which  are  inherited  and  those  which  are 
acquired  by  the  individual.  There  is,  however,  not  a  great  deal 
which,  in  the  present  state  of  our  knowledge,  can  be  said  on  this 
question;  we  shall  on  the  whole  have  to  continue  to  disregard  this 
distinction  and  to  represent  the  process  of  the  building  up  of  the 
sensory  order  as  if  it  took  place  in  the  course  of  the  life  of  the 
individual. 

4.8.  The  relation  between  sensory  and  motor  processes  which  we 
shall  have  to  consider  is  a  double  one:  we  shall  have  to  consider 
both  how  various  complexes  of  sensory  impulses  will  influence 
behaviour,  and  how  in  turn  the  motor  responses  will  influence 
sensory  discrimination.  The  latter  question  will  make  necessary 
some  consideration  of  the  interoceptive  and  proprioceptive 
impulses,  i.e.,  those  impulses  which  record  not  external  stimuli  but 
various  states  of  different  parts  of  the  organism. 

4.9.  A  more  systematic  discussion  of  the  connexion  between  the 
sensory  and  the  motor  apparatus  would  also  have  to  include  an 
examination  of  the  manner  in  which  the  efferent  (or  motor)  im- 
pulses are  themselves  ordered  so  as  to  produce  certain  co-ordin- 
ated patterns  of  movement,  and  of  how  the  bundles  of  efferent 
impulses  interact  with  the  proprioceptive  afferent  impulses  by 
which  the  resulting  movements  are  recorded  at  the  centres.  In 
this  respect  we  can,  however,  attempt  no  more  than  the  barest 
sketch  which  must  serve  as  an  indication  of  the  sort  of  problems 
which  a  fuller  elaboration  of  our  theory  would  have  to  answer. 

4.10.  In  examining  the  significance  of  the  proprioceptive  im- 
pulses we  shall  have  briefly  to  consider  not  only  the  effects  which 
the  impulses  recording  postures  and  movements  accompanying 
perceptions  have  on  sensory  discrimination,  and  the  role  played  in 
this  connexion  by  the  back-reports  of  responses  which  are  pro- 
duced by  the  stimuli  at  various  subcortical  levels ;  but  in  particular 
also  to  examine  the  significance  of  the  various  'biogenic'  impulses 
which  are  caused  by  the  vegetative  processes  of  the  organism  and 
are  closely  connected  with  the  various  'urges',  'drives',  or  'wants'. 
The  latter  are,  of  course,  essential  for  any  explanation  of  purposive 
behaviour. 
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2.  EVOLUTION  AND  THE  HIERARCHICAL  ORDER  OF  THE 
CENTRAL  NERVOUS  SYSTEM 

4. 1 1 .  The  continued  existence  of  those  complex  structures  which 
we  call  organisms  is  made  possible  by  their  capacity  of  responding 
to  certain  external  influences  by  such  changes  in  their  structure  or 
activity  as  are  required  to  maintain  or  restore  the  balance  neces- 
sary for  their  persistence.  This  involves,  even  in  the  most  primitive 
organisms,  some  capacity  of  discriminating  responses  to  different 
physical  stimuli,  and  perhaps  even  some  capacity  of  'learning',^ 
although  we  know  very  little  about  the  nature  of  such  individual 
learning  (as  distinguished  from  the  process  of  hereditary  selection 
of  such  individuals  as  show  appropriate  adjustments). 

4.12.  The  fact  that  an  organism  will  respond  differently  to 
different  external  forces  acting  upon  it  is,  of  course,  not  peculiar  to 
organisms.  It  would  be  merely  an  instance  of  different  causes  pro- 
ducing different  effects.  The  peculiar  problems  presented  by 
organisms  appear  only  where  they  respond  to  particular  stimuli 
in  the  manner  which  will  secure  their  continued  existence,  and  in 
so  far  as  they  develop  specific  organs  which  enable  them  not  only 
to  discriminate  between  different  stimuli,  but  to  react  differently 
to  the  same  stimuli  if  they  appear  in  different  combinations  with 
other  stimuli  or  when  the  organism  itself  is  in  different  states. 

4.13.  It  is  perhaps  worth  stressing  that  the  problem  of  purposive 
adjustment  of  organisms  to  changes  arises  long  before  the  problem 
of  its  purposive  behaviour  with  regard  to  external  objects.  The 
question  of  what  determines  (or  what  is  meant  by)  purposiveness 
is  in  the  last  instance  really  the  same  question  as  that  of  what 
ensures  the  continued  existence  of  the  organism.  It  arises  as  much 
in  connexion  with  the  normal  functioning  and  growth  of  the 
organism,  the  processes  of  metabolism  and  the  replacement  of 
damaged  parts,  as  in  connexion  with  those  movements  of  the 
organism  which  we  commonly  describe  as  behaviour. 

4.14.  It  has  already  been  suggested  that  in  a  certain  sense  any 
attempt  to  explain  the  highly  complex  kind  of  purposive  action 
made  possible  by  a  developed  central  nervous  system  may  be 
premature  so  long  as  we  do  not  possess  a  fully  adequate  biological 
theory  of  the  comparatively  simpler  kind  of  purposive  functioning. 
Many  of  the  problems  often  regarded   as  peculiar  to   mental 

^See  H.  S.  Jennings,  igo6. 
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phenomena  in  fact  arise  already  at  a  much  earlier  stage,  where 
there  can  be  no  question  yet  of  that  complex  order  that  is  shown 
in  the  response  to  external  stimuli  which  we  have  described  as 
mind.  It  cannot  be  our  task  here  to  restate  the  present  position  of 
biological  theory  with  regard  to  these  problems,  and  we  must 
content  ourselves  to  refer  in  this  connexion  to  W.  B.  Cannon's 
concept  of  homeostasis  and  its  development  by  other  authors,  and 
especially  to  the  more  recent  and  most  promising  work  of  L.  von 
Bertalanffy.  His  theory  of  'open  systems'  in  a  steady  state 
(Fliessgleichgewicht)  in  which  'equifinality'  prevails  because  the 
equilibrium  that  will  be  reached  will  be  in  some  measure  be  inde- 
pendent of  the  initial  conditions,  seems  to  provide  the  most  helpful 
contribution  to  this  problem.^  Any  further  comments  we  shall 
have  to  make  with  particular  reference  to  the  problem  of  pur- 
posiveness  will  be  reserved  to  the  next  chapter  (5.63-5.76). 

4.15.  Here  we  are  not  directly  concerned  with  the  regulative 
functions  of  the  organism  other  than  those  which  are  effected 
through  the  central  nervous  system.  It  is  merely  necessary  to  re- 
main aware  throughout  that  this  system  functions  within  an 
organism  which  independently  of  the  former  is  capable  of  some 
adaptive  and  purposive  responses  to  external  causes,  responses 
which  are  brought  about  through  a  system  of  neuro-chemical 
regulation.  Our  task  begins  essentially  where  the  somatic  nervous 
system  makes  possible  discriminatory  responses  to  a  great  variety 
of  combinations  of  stimuli,  and  particularly  where  learning  be- 
comes the  dominant  factor. 

4.16.  The  mere  fact  that  the  organisms  in  the  course  of  their 
evolution  develop  specific  receptor  organs  which  are  sensitive  only 
to  fairly  narrow  ranges  of  stimuli  must  not  be  confused  with  the 
development  of  a  sensory  order  and  of  distinct  sensory  qualities. 
It  is  to  be  assumed  that  this  development  goes  hand  in  hand  with 
the  acquisition  of  different  motor  responses  to  the  different  stimuli. 
But  even  an  organism  which  had  developed  distinct  receptors 
sensitive  to  all  those  various  stimuli  which  in  a  highly  developed 
central  nervous  system  produce  different  sensory  qualities,  for 
that  reason  could  not  yet  be  said  to  discriminate  in  terms  of  a 
system  of  sensory  qualities  similar  to  that  familiar  to  us. 

4.17.  While  such  an  organism  would  perform  the  simplest  kind 

^W.  B.  Gannon,  1932;  L.  V.  Bertalanffy,  1942,  1949.  See  also  J.  H.  Woodger, 
1929- 
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of  classification  we  have  discussed  (2.35-2.38),  it  would  still  be 
unable  to  perform  the  multiple  classifications  which  alone  give 
rise  to  the  system  of  sensory  qualities.  The  different  stimuli  which 
evoke  the  different  sensory  qualities  would,  if  occurring  in  isola- 
tion, all  produce  different  effects,  but  these  different  effects  would 
not  differ  from  each  other  in  the  specific  manner  in  which  the 
sensory  qualities  differ  from  each  other. 

4.18.  The  essential  characteristic  of  the  order  of  sensory  qualities 
is  that,  within  that  order,  each  stimulus  or  group  of  stimuli  does 
not  possess  a  unique  significance  represented  by  the  particular 
response,  but  that  they. are  given  different  significance  if  they 
occur  in  combination  with,  or  are  evaluated  in  the  light  of,  an 
infinite  variety  of  other  stimuli  which  may  originate  from  the 
external  world  or  from  the  organism  itself. 

4.19.  Such  an  order  implies  that  any  impulse  recording  a  par- 
ticular stimulus  is  connected  not  merely  with  one  particular 
motor  response,  but  that  some  apparatus  exists  by  which  the 
effects  of  any  impulse  are  adjusted  to,  and  integrated  with,  the 
effects  of  other  impulses  proceeding  within  the  central  nervous 
system  at  the  same  time.  In  other  words,  the  various  sensory 
impulses,  whose  effects  are  thus  to  be  adjusted  to  each  other,  must 
in  some  manner  be  brought  together  before  the  effect  of  their 
joint  action  is  decided. 

4.20.  This  does  not  mean  that  individual  afferent  impulses,  or 
groups  of  such  impulses,  might  not  also  be  uniquely  connected  at 
low  levels  with  certain  efferent  impulses  so  that,  as  soon  as  the 
former  occur,  a  particular  movement  is  produced.  Such  a  relation 
would  correspond  to  the  ideal  simple  reflex  arc  of  traditional 
theory.  In  the  present  context  such  reflex  responses  are  important 
mainly  because  of  the  proprioceptive  impulses  by  which  they  in 
turn  will  be  recorded  in  the  higher  centres.  The  original  extero- 
ceptive impulse  which  sets  up  such  a  reflex  will  in  consequence 
arrive  at  the  centres  to  which  it  is  conducted  already  accompanied 
(or  rapidly  followed)  by  a  report  of  the  spontaneous  response  of  the 
organism  to  the  external  stimulus.  The  impulse  recording  the 
external  stimulus  is  thus  already  'marked'  as  meaning  (involving) 
a  certain  kind  of  response. 

4.2 1 .  This  sort  of  relationship  we  must  suppose  to  recur  in  relays, 
or  at  many  successive  stages:  the  initial  sensory  impulse  at  the  first 
stage,  the  spinal  cord,  setting  up  both  a  motor  response  and  a 
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further  afferent  impulse  proceeding  on  to  the  higher  centres.  At  the 
next  level  it  will  arrive  together  with  the  report  of  the  motor 
responses  it  has  produced  at  the  lower  level,  and  with  other 
sensory  impulses  recording  other  peripheral  stimuli,  which  may- 
be similarly  accompanied  by  the  reports  of  the  reflex  responses 
which  they  have  set  up  at  lower  levels.  At  this  stage  this  particular 
combination  of  signals  may  again  produce  a  distinct  motor  re- 
sponse, so  that  at  the  next  higher  level  the  bundle  of  impulses 
arriving  there  will  include  reports  of  responses  which  take  already 
a  wider  range  of  exteroceptive  impulses  into  account.  And  as  we 
ascend  to  higher  and  higher  levels,  both  the  comprehensiveness  of 
the  range  of  external  stimuli  which  are  taken  into  account  in  any 
response,  and  the  number  of  responses  effected  at  lower  levels  and 
reported  back  to  these  higher  levels  will  constantly  increase. 

4.22.  It  is  not  difficult  to  see  how  such  an  arrangement  for  the 
mutual  adjustment  of  the  responses  to  different  simultaneously 
occurring  stimuli  is  made  necessary  by  the  development  of  specific 
receptors  for  different  kinds  of  stimuli.  So  long  as  the  whole  organ- 
ism was  merely  susceptible  to  irritation  by  a  wide  range  of  stimuli, 
and  was  capable  only  of  a  few  simple  responses,  such  as  contrac- 
tion and  expansion,  no  special  apparatus  for  co-ordinating  the 
responses  to  different  stimuli  was  required.  But  as  soon  as  specific 
responses  became  attached  to  particular  classes  of  stimuli,  the 
mutual  adjustment  of  these  responses  according  to  the  significance 
of  the  particular  combination  of  stimuli  became  necessary. 

4.23.  Between  the  case  where  specific  responses  are  uniquely 
attached  to  particular  stimuli,  and  the  case  where  all  responses  are 
decided  in  view  of  all  the  stimuli,  there  is,,  of  course,  an  enormous 
range  of  intermediate  possibilities.  Nor  need  in  a  given  organism 
only  either  the  one  or  the  other  type  of  arrangement  exist.  Some 
other  stimuli  will  be  more  likely  to  affect  the  appropriateness  of  a 
given  response  to  one  particular  stimulus  than  will  be  true  of 
others,  and  there  will  be  more  need — or  it  may  be  easier  for  the 
organism  to  provide — for  the  mutual  adjustment  between  those 
than  between  others.  We  must  probably  assume  that,  in  the  course 
of  evolution,  the  original  direct  connexions  between  particular 
stimuli  and  particular  responses  are  being  preserved,  but  that 
control  mechanisms  are  being  superimposed  capable  of  inhibiting 
or  modifying  these  direct  responses  when  they  are  inappropriate 
in  view  of  other  simultaneously  acting  stimuli. 
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4.24.  Parallel  with  this  progressively  more  complex  evaluation 
of  the  stimuli  in  the  light  of  an  ever  more  comprehensive  collection 
of  other  stimuli,  a  similar  organization  will  operate  on  the  motor 
side:  instead  of  simple  movements  of  particular  muscles,  more  and 
more  complex  patterns  of  behaviour  will  be  evoked  as  a  whole ; 
and  the  groups  of  impulses  which  evoke  this  pattern  of  movements 
are  probably  evoked  as  groups  by  a  few  central  impulses  which 
'stand  for'  the  whole  pattern  (4.48-4.51). 

4.25.  The  sketchy  manner  in  which  these  questions  must  be 
treated  here  ought  not  to  give  the  impression  that  these  relations 
are  simple.  It  is  neither  to  be  assumed  that  comparatively  simple 
patterns  of  stimulation  will  normally  produce  comparatively 
simple  responses,  and  that  the  integrative  action  of  the  higher 
centres  will  operate  only  when  more  complicated  stimulation 
patterns  are  involved;  nor  that  the  motor  responses  are  built  up 
in  a  simple  additive  manner  from  the  effects  of  individual  im- 
pulses producing  the  movement  of  individual  muscles.  It  is  very 
likely  that,  just  as  more  than  one  afferent  impulse  will  generally 
be  required  to  produce  anything  like  a  'simple'  (or  sharply  dis- 
criminated) sensation,  so  a  single  efferent  impulse  will  as  a  rule 
produce  somewhat  diffuse  movements  and  only  the  overlapping 
of  many  such  impulses  will  produce  a  clearly  differentiated  move- 
ment of  the  separate  muscles.^ 

4.26.  The  increasing  differentiation  of  the  different  stimuli  from 
each  other,  and  the  accompanying  increased  variability  and  com- 
plexity of  the  responses  to  any  subgroups  of  stimuli,  involves,  as  we 
have  seen,  that  impulses  representative  of  these  stimuli  are  brought 
together  so  that  they  can  act  upon  each  other  in  a  manner  which 
reproduces  their  significant  relations.  The  more  comprehensive 
this  adjustment  is,  the  more  elaborate  must  be  the  centres  set  aside 
from,  and  capable  of  overruling  the  effects  of,  the  more  direct 
connexions  between  stimulus  and  response. 

3.    FROM   SPECIFIC   REFLEX  TO   GENERALIZED  EVALUATION 

4.27.  It  is  doubtful  whether  the  ideal  simple  reflex  arc,  where 
the  impulse  from  a  single  afferent  fibre  is  transmitted  to  a  single 
efferent  fibre,  is  of  any  importance,  and  even  whether  it  occurs  at 
all.  But  between  it  as  the  one  extreme  ideal  type  and  the  other 

^V.  von  Weizsaecker,  1940,  p.  48. 

86 


SENSATION  AND  BEHAVIOUR 

extreme  of  the  'voluntary'  or  'conscious'  responses  there  exists 
probably  a  continuous  range  of  connexions  between  stimuli  and 
responsies  of  intermediate  types  in  which  processes  of  classification 
take  place  which  are  more  or  less  analogous  to  those  which  deter- 
mine the  system  of  sensory  qualities.  The  simplest  of  these  inter- 
mediate cases  which  is  of  interest  is  that  in  which  a  particular 
motor  response  becomes  attached  to  every  one  of  a  group  of  sensory 
impulses,  so  that  any  one  of  the  latter  will  be  transmitted  to  the 
motor  fibre  and  produce  the  response  in  question.  This  represents 
the  simplest  possible  instance  where  we  can  speak  of  a  classification 
of  the  stimuli. 

4.28.  The  operation  of  this  simple  kind  of  classification  is 
familiar  from  the  experiments  with  conditioned  reflexes  and  from 
the  phenomenon  known  as  generalization.  It  has  been  found  tha 
after  a  conditioned  response  has  been  developed  to  one  stimulus, 
other  'similar'  stimuli  may  also  elicit  the  same  response.^  In  these  in- 
stances the  grouping  of  certain  impulses  as  similar  has  the  eflfect  that 
further  impulses  which  become  connected  to  some  of  these  impulses 
become  also  attached  to  the  other  impulses  forming  the  group. 

4.29.  A  higher  degree  of  selection  or  classification  is  reached 
when  several  responses  are  alternatively  connected  with  each  of  a 
given  group  of  sensory  impulses,  so  that  which  of  these  responses 
will  be  elicited  by  a  particular  stimulus  depends  on  which  of  a 
number  of  other  sensory  impulses  occur  at  the  same  time  with  the 
former.  Which  response  will  be  produced  in  this  case  by  any 
sensory  stimulus  will  depend  on  what  other  stimuli  accompany  it, 
and  any  particular  sensory  impulse  may  in  some  context  produce 
results  which  are  similar  to  those  produced  by  others,  and  in  other 
contexts  produce  results  which  are  different. 

4.30.  On  the  lower  levels  on  which  connexions  of  this  still 
relatively  simple  or  quasi-reflex  type  prevail,  there  will  thus 
already  exist  some  sort  of  quaUtative  ordering  or  discrimination. 

^E.  R.  Hilgard  and  D.  G.  Marquis,  1940,  p.  46. — The  conditioned  reflex  is 
usually  represented  as  a  comparatively  recent  discovery,  but  the  bare  facts  have 
been  known  for  a  very  long  time  and  were  already  described  by  M  de  Mon- 
taigne in  the  chapter  on  "The  Force  of  Imagination"  of  his  Essais  (1580,  Bookl, 
Chapter  20).  He  there  describes  the  case  of  a  man  who,  after  he  had  for  a  long 
time  regularly  tested  with  his  hand  the  temperature  of  the  water  prepared  for 
an  enema,  found  that  the  actual  injection  had  become  unnecessary  because 
his  taking  up  the  appropriate  posture  together  with  his  placing  the  hand  in  the 
water  already  produced  the  desired  effect. 
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But  it  will  be  greatly  limited  in  two  respects:  it  will  involve 
selective  responses  to  the  stimulation  of  particular  sensory  receptors 
for  only  a  very  few  kinds  of  responses:  and  it  will  select  between  this 
limited  number  of  possible  responses  only  with  regard  to  a  limited 
number  of  simultaneously  occurring  other  stimuli. 

4.3 1 .  While  on  these  lower  levels  the  discrimination  may  thus  be 
fairly  detailed  in  so  far  as  it  refers  to  particular  responses  or  func- 
tions, it  will  be  specific  in  the  sense  that  it  will  be  effective  only 
with  regard  to  a  particular  group  of  responses,  and  take  into 
account  only  a  comparatively  small  range  of  stimuli.  In  the  famous 
case  of  the  decapitated  frog  which  is  still  capable  of  wiping  a  drop 
of  acid  from  its  back,  the  signal  evoked  by  the  drop  of  acid  will  be 
sufficiently  discriminated  as  regards  location  to  guide  the  move- 
ment of  the  leg.  But  the  localization  of  the  stimulus  which  this 
proves  will  probably  be  specific  in  the  sense  of  being  effective  only 
with  respect  to  this  particular  response. 

4.32.  Such  limited  classification  may  be  effected  in  subcentres 
which  offer  the  opportunity  for  connexions  among  a  limited 
number  of  sensory  and  motor  fibres.  As  the  impulse  is  trans- 
mitted to  higher  and  more  comprehensive  centres,  there  will  arise 
opportunities  for  more  extensive  connexions,  and  with  them  will 
appear  the  possibility  of  a  more  complex  discrimination  both  with 
regard  to  the  range  of  different  responses  and  to  the  variety  of 
stimuli  which  will  contribute  to  the  decision  which  of  the  potential 
responses  will  take  place. 

4.33.  The  increasing  opportunities  for  connexions  between  fibres 
carrying  sensory  impulses  from  different  parts  of  the  body,  and  the 
correspondingly  increased  comprehensiveness  of  the  net  of  con- 
nexions which  can  be  formed  on  the  higher  levels,  does  mean 
neither  that  at  these  higher  centres  the  individual  stimuli  must 
always  be  represented  by  individual  impulses  as  they  are  on  the 
lower  levels,  nor  that  the  lower  level  connexions  are  confined  to 
impulses  belonging  to  the  same  sense  modality.^  It  means  merely 

^V.  von  Weizsaecker,  1940,  p.  55,  points  out  that,  e.g.,  to  the  more  than  four 
million  points  on  the  skin  below  the  neck  which  produce  distinct  sensations 
correspond  at  most  one  half  million  fibres  conducting  the  impulses  set  up  by 
these  stimuli  beyond  the  spinal  level.  That  in  spite  of  this  these  individual 
stimuli  can  be  distinguished  is  presumably  due  to  the  fact  that  with  the  report 
of  any  stimulus  acting  on  the  skin  there  will  also  arrive  reports  of  the  low  level 
reflexes  caused  by  them,  reflexes  which  may  be  different  for  stimuli  whose  direct 
report  arrives  in  the  brain  through  the  same  last  common  path. 
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that  at  the  lower  levels  only  such  other  sensory  impulses  will 
generally  be  able  to  modify  the  response  to  a  particular  impulse  as 
are  most  immediately  relevant  to  the  interpretation  of  (or  most 
frequently  associated  with)  the  particular  stimulus;  while  at  the 
higher  levels  a  wider  range  of  less  immediately  significant  other 
factors  will  have  an  opportunity  of  modifying  the  result.  Similarly, 
the  increasing  comprehensiveness  of  the  connexions  possible  at 
the  higher  levels  need  not  mean  the  possibility  of  connexions  with  a 
larger  number  of  individual  impulses,  but  may  mean  merely  the 
possibility  of  connexions  with  impulses  representing  a  greater 
variety  of  stimuli. 

4.34.  The  responses  to  any  given  stimulus  thus  become  at  the 
higher  levels  more  and  more  liable  to  be  modified  by  the  influence 
of  impulses  from  other  sources.  The  continuous  range  of  con- 
nexions between  the  simple  reflex  and  conscious  action  thus 
becomes  one  in  which  an  ever-increasing  number  of  different 
stimuli  contribute  jointly  in  determining  the  response.  Even 
though  we  are  directly  familiar  only  with  the  classification  of 
stimuli  which  lead  to  behaviour  that  is  conscious,  and  in  which 
this  comprehensiveness  of  the  stimuli  taken  into  account  has  pre- 
sumably reached  the  highest  degree,  at  least  a  great  part  of 
observable  behaviour  is  probably  guided  by  processes  which  are 
intermediate  between  this  and  reflex  action. 


4.    PROPRIOCEPTION    OF    LOW    LEVEL    RESPONSES 

4.35.  The  fact  that  the  sensory  impulses  may  evoke  responses  on 
many  successive  levels  has  great  influence  on  the  manner  in  which 
they  will  be  discriminated  at  the  higher  levels.  In  so  far  as  sensory 
impulses  evoke  such  responses  at  lower  levels,  they  will  arrive  at 
the  higher  levels  accompanied  by  the  proprioceptive  impulses 
recording  those  responses.  The  higher  centres  will  in  consequence 
at  any  one  time  receive  reports  not  only  of  given  external  stimuli 
but  also  of  the  body's  spontaneous  reaction  to  those  stimuli.  The 
effect  of  a  bright  light  will  not  be  only  a  visual  impulse  but  also  an 
impulse  reporting  the  contraction  of  the  pupil,  etc.  So  far  as  the 
higher  centres  are  concerned,  the  self-moving  organism  must  indeed 
be  regarded  as  part  of  the  environment  in  which  they  live. 

4.36.  Since  as  a  result  of  the  excessive  stress  placed  by  the 
behaviourists  on  the  peripheral  responses,  certain  misconceptions 
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about  their  significance  are  still  prevalent,  it  will  be  necessary  to 
consider  with  some  care  the  role  which  such  peripheral  move- 
ments can  play  in  the  structure  of  nervous  action.  The  first  point 
which  requires  emphasis  is  that  peripheral  events,  in  order  to 
influence  fiarther  central  nervous  processes,  must  be  reported  back 
to  the  centres  in  which  these  processes  take  place.  It  will  therefore 
be  neither  the  resulting  movements  as  such,  nor  the  efferent  motor 
impulses,  but  the  proprioceptive  impulses  recording  these  move- 
ments which  affect  the  further  neural  processes.  (The  theoretical 
possibihty  that  part  of  every  efferent  neural  impulse  may,  as  it 
were,  be  branched  off  before  it  leaves  the  centre  from  which  it 
originates,  so  as  to  represent  there  the  resulting  movement,  can  be 
disregarded  because  there  appears  to  exist  no  evidence  for  this.) 

4.37.  This  means  not  only  that,  even  where  distinct  motor 
responses  to  the  individual  stimulus  take  place,  it  will  still  be  the 
(proprioceptive)  sensory  impulses  and  not  the  motor  impulses 
themselves  which  are  important  for  our  purposes,  but  also  that, 
once  a  certain  peripheral  response  has  become  the  regular  effect  of 
any  group  of  stimuli,  it  will  no  longer  need  actually  to  occur,  since 
the  reports  of  its  occurrence  will  be  associatively  evoked  by  the 
original  stimulus.  The  emphasis  placed  by  the  behaviourists  on 
actual  movements,  and  their  efforts  to  discover  at  least  traces 
of  such  movements  in  the  form  of  'implicit  speech'  and  the  like, 
were  thus  misplaced.  They  are  not  required  and  the  establishment 
of  their  existence  would  not  help  to  answer  the  problem  of  what, 
for  instance,  constitutes  thought.^ 

4.38.  Nevertheless,  it  is  true  that  the  sensory  order  with  which 
we  are  concerned  is  both  a  result  and  a  cause  of  the  motor  acti- 
vities of  the  body.  Behaviour  has  to  be  seen  in  a  double  role:  it  is 
both  input  and  output  of  the  activities  of  the  higher  nervous 
centres.  The  actions  which  take  place  independently  of  the  higher 
centres  help  to  create  the  order  of  the  sensory  impulses  arriving  at 
that  centre,  while  the  actions  directed  from  that  centre  are  deter- 
mined by  that  order. 

4.39.  The  evaluations  of  sensory  impulses  arriving  at  the  highest 
centres  may  be  compared  to  the  appreciation  of  the  events  on  the 
road  observed  by  a  person  who  is  being  driven  in  a  car,  or  to  the 
judgements  of  the  pilot  of  an  aeroplane  which  is  being  steered  by  an 
automatic  pilot.  In  these  instances  different  observed  events  will 

^See  C.  T.  Morgan,  1943,  p.  476. 
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lead  the  passenger  of  the  car,  or  the  pilot  of  the  plane,  to  expect 
certain  responses  of  the  car  or  the  plane,  and  those  events  wiU 
come  to  'mean'  for  the  person  particular  kinds  of  responses  of  the 
vehicle,  just  as  certain  kinds  of  stimuli  mean  certain  spontaneous 
responses  of  the  body.  The  sight  of  an  oncoming  car  will  come  to 
mean  the  sensation  of  the  car  in  which  the  person  rides  drawing  to 
the  right,  and  the  sight  of  a  red  traffic  light  will  mean  the  feeling  of 
the  car  slowing  down.  Very  soon  what  will  actually  be  noticed 
will  no  longer  be  that  normal  response,  but  only  its  absence  if  it 
fails  to  occur. 

4.40.  The  position  of  the  highest  centres  in  this  respect  is  some- 
what like  that  of  the  commander  of  an  army  (or  of  the  head  of  any 
other  hierarchical  organization),  who  knows  that  his  subordinates 
will  respond  to  various  events  in  a  particular  manner,  and  who 
will  often  recognize  the  character  of  what  has  happened  as  much 
from  the  response  of  his  subordinates  as  from  direct  observation. 
It  will  also  be  similar  in  the  sense  that,  so  long  as  the  decision  taken 
by  his  subordinates  in  the  light  of  their  limited  but  perhaps  more 
detailed  observation  seems  appropriate  in  view  of  his  more  com- 
prehensive knowledge,  he  will  not  need  to  interfere ;  and  that  only 
if  something  known  only  to  him  but  not  to  his  subordinates  makes 
those  normal  responses  inappropriate  will  he  have  to  overrule  their 
decisions  by  issuing  special  orders. 

4.41.  In  the  same  manner  as,  for  instance,  the  captain  of  a 
battleship  may  sometimes  recognize  the  nature  of  an  observed 
object  less  from  his  direct  perception  of  it  than  from  the  responses 
of  his  ship,  so  the  brain  often  may  get  a  direct  report  merely  about 
the  action  of  one  of  a  large  class  of  stimuli  and  yet  be  able  to 
recognize  its  character  from  the  almost  simultaneous  reports  of  the 
responses  of  the  body  directed  by  lower  levels.  At  the  same  time 
these  responses  of  the  lower  centres  to  particular  stimuli,  of  which 
the  higher  centres  have  no  reports,  may  be  governed  by  general 
'directives'  issued  by  the  higher  centres.  (We  shall  see  presently 
that  this  'set'  of  the  whole  organism  which  determines  what  the 
response  to  a  particular  stimulus  shall  be,  may  in  turn  be  deter- 
mined either  by  processes  in  the  highest  centre  or  be  the  result  of 
subcortical  regulation). 

4.42.  So  far  as  the  higher  centres  are  concerned,  a  given  combi- 
nation of  external  stimuli  will  not  merely  mean  that  such  and 
such  other  external  events  are  to  be  expected,  but  also  that  certain 
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adjustments  of  the  organism  are  taking  place.  The  significance  of 
the  effect  of  cold  on  the  skin  will  not  only  be  that  certain  action  is 
indicated,  but  also  that  certain  responses  of  the  body  will  auto- 
matically come  about — not  merely  a  report  of  a  single  external 
stimulus  but  at  the  same  time  also  of  a  change  in  the  state  of  a 
great  part  of  the  body. 

4.43.  While  it  is  on  the  whole  more  likely  that  responses  via  the 
lowest  centres  will  be  innate  for  the  individual,  that  is,  acquired  by 
the  race  in  the  course  of  evolution,  while  the  responses  effected 
by  the  higher  centres  will  be  largely  based  on  individual  experi- 
ence, this  cannot  be  regarded  as  a  universal  rule.  Probably  some 
inherited  responses  are  effected  on  fairly  high  levels,  while  some 
learned  responses  may,  after  sufficient  repetition,  become  almost 
completely  automatic  and  be  effected  at  low  levels. 

4.44.  It  should  also  be  noted  that  the  degree  of  modifiability  of 
the  response  to  a  particular  stimulus  by  other  simultaneous  stimuli 
need  not  vary  in  strict  correspondence  with  the  extent  to  which 
these  responses  can  be  altered  by  individual  experience:  an 
acquired  response  to  a  given  stimulus  may  be  uniquely  determined 
by  that  one  stimulus,  while  an  inherited  response  may  be  capable 
of  considerable  variation  according  to  the  accompanying  circum- 
stance. 


5.    POSTURES   AND    MOVEMENTS    CONNECTED   WITH 
PERCEPTION 

4.45.  The  first  group  of  motor  responses  to  sensory  stimuli  which 
we  must  consider  further  are  those  which  assist  perception  directly 
and  which  might  almost  be  described  as  part  of  the  act  of  percep- 
tion. We  have  already  mentioned  the  classical  instance  of  the 
kinesthetic  sensations  connected  with  the  focusing  of  the  eye.  The 
familiar  effects  of  displacing  the  eyeball  or  of  crossing  the  fingers 
on  the  localization  of  the  sensations  affected  belong  to  the  same 
category.  It  is  becoming  increasingly  clear  that  these  are  merely 
special  instances  of  a  very  general  phenomenon,  and  that  the 
proprioceptive  reports  of  the  body  postures  and  movements  de- 
signed to  help  perception  serve  always  as  a  sort  of  indispensable 
background  for  the  proper  evaluation  of  the  stimulus. 

4.46.  Recent  investigations  of  the  relation  between  sensation  and 
movement  show  that  this  connexion  is  even  closer  than  had  been 
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commonly  supposed  and  that  practically  all  sensory  impulses  are 
evaluated  in  the  Hght  of,  or  corrected  for,  simultaneous  muscular 
activities.  V.  von  Weizsaecker,  to  whom  we  owe  a  great  deal  of 
knowledge  on  this  question,  speaks  with  considerable  justification 
of  a  complete  'entwinement'  {Verflechtung)  of  sensation  and  move- 
ment.^ This  seems  to  apply  as  much  to  the  evaluation  of  external 
stimuH  in  the  Hght  of  the  simultaneous  proprioceptive  impulses  as 
reciprocally  to  the  evaluation  of  the  latter  in  the  light  of  the  usually 
accompanying  exteroceptive  impulses.  Stretching  my  leg  down- 
wards means  for  me  that  I  expect  to  feel  the  ground,  and  stretching 
my  whole  body  means  that  I  expect  it  to  cool  more  rapidly  than  in 
a  crouched  position,  etc.,  etc.  The  proprioceptive  impulses  thus 
receive  their  significance  as  much  from  the  exteroceptive  ones 
which  are  associated  with  them,  as  the  reverse  is  true. 

4.47.  Every  sensory  situation  thus  means,  among  other  things, 
that  various  movements  will  have  such  and  such  effects,  and  the 
totality  of  the  simultaneous  exteroceptive  and  proprioceptive 
impulses  forms  the  background,  as  it  were,  against  which  the 
individual  impulse  is  evaluated.  It  might  even  be  said  that  every 
single  sensory  impulse  is  probably  multivalent,  capable  of  pro- 
ducing various  different  sensations,  and  that  which  sensation  it  will 
produce  will  depend  on  what  other  impulses  occur  at  the  same 
time. 

6.    PATTERNS    OF   MOTOR   RESPONSES 

4.48.  The  manner  in  which  the  separate  motor  impulses  are  co- 
ordinated so  as  to  produce  complex  patterns  of  behaviour  con- 
sisting of  many  simultaneous  and  successive  movements  can  be 
considered  here  only  very  briefly.  We  must  probably  assume  that 
these  patterns  can  be  elicited  as  wholes  by  a  few  signals  sent  out 
from  the  higher  centres,  and  that  we  have  thus  on  the  motor  side 
to  deal  with  a  phenomenon  of  'bundling'  which  in  some  respects 
is  the  converse  of  the  process  of  classification  on  the  sensory  side. 
As  in  the  latter  case,  different  complexes  of  sensory  impulses  will 
be  represented  at  the  higher  centres  by  a  few  'representative' 

^V.  von  Weizsaecker,  1940.  See  also  K.  Goldstein,  1939;  and  E.  G.  Boring, 
1942,  p.  563:  'In  the  twentieth  century  it  eventually  became  apparent  that  the 
organism  behaves  first  and  feels  afterwards,  just  as  James,  speaking  of  emotions, 
said  it  does.' 
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impulses,  so  that  a  few  central  impulses  may  suffice  to  evoke 
bundles  of  motor  impulses  producing  complex  patterns  of  be- 
haviour. The  particular  manner  in  which  this  behaviour  is 
executed  may  then  be  determined  by  the  interplay  of  motor  and 
sensory  impulses  at  lower  levels. 

4.49.  These  behaviour  patterns,  however,  must  not  be  con- 
ceived as  fixed  but  as  highly  variable.  Just  as  at  the  higher  centres 
it  will  not  be  only  one  particular  sensory  impulse,  but  any  one  of  a 
class  of  many  different  combinations  of  impulses,  which  will  give 
rise  to  a  particular  response,  so  the  motor  signal  sent  out  from  the 
higher  centres  will  be  for  the  execution  not  of  one  particular 
pattern  of  co-ordinated  movements  but  for  any  one  of  a  class  of 
such  patterns.  Such  a  class  of  patterns  will  consist  of  those  different 
combinations  of  movements  which  under  different  conditions  will 
produce  a  particular  result.  Which  of  these  patterns  will  be  put 
into  effect  will  be  decided  in  the  light  of  the  whole  sensory  position. 

4.50.  At  the  higher  centres  the  connexions  will  thus  increasingly 
exist,  not  between  particular  stimuli  and  particular  responses,  but 
between  classes  of  stimuli  and  classes  of  responses,  and  between 
classes  of  classes  of  stimuli  and  classes  of  classes  of  responses,  etc. 
The  order  given  by  the  highest  centre  in  response  to  a  particular 
situation  may  thus  be  of  the  kind  which  we  have  called  a  general 
'directive'  for  an  action  of  a  certain  class,  and  it  may  be  only  at 
lower  levels  that  the  appropriate  response  is  selected  from  the 
class  of  behaviour  patterns  which  in  different  situations  may  pro- 
duce the  desired  result. 

4.5 1 .  The  extent  to  which  behaviour  patterns  can  be  adjusted  to 
the  sensory  situation  probably  varies  with  the  level  which  is  in 
control.  There  is  reason  to  believe  that  some  highly  stereotyped  or 
'mechanical'  patterns,  such  as  those  of  the  movements  of  flying 
and  running,  are  co-ordinated  on  a  fairly  low  level  and  that  even 
at  these  low  levels  the  execution  is  constantly  controlled  and 
modified  by  sensory  signals  from  the  kinesthetic  receptors  and  the 
semicircular  canals.  At  higher  levels  the  pattern  of  movement  will 
be  variable  to  a  higher  degree. 

4.52.  We  can  again  not  concern  ourselves  here  with  the  question 
to  what  extent  behaviour  patterns  are  innate  to  the  individual 
and  how  the  innate  and  the  learned  behaviour  pattern  interact.^ 
There  can  be  little  doubt  that  even  fairly  complex  behaviour 

^K.  Lorenz,  iQ^.^,  passim. 
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patterns,  or  rather  classes  of  behaviour  patterns  from  which  a 
selection  will  be  made  in  the  light  of  the  whole  sensory  situation, 
are  innate  and  can  be  elicited  by  fairly  simple  stimuli.  A  well- 
known  instance  is  the  evocation  of  the  maternal  behaviour  in  the 
rat  by  definite  chemical  stimuli.^ 

4.53.  The  selection  of  the  particular  behaviour  pattern  from  the 
class  of  such  patterns  appropriate  to  the  result  aimed  at,  must  not 
be  conceived  as  taking  place  in  one  act.  The  choice  of  a  kind  of 
behaviour  pattern  and  its  continued  control,  modification,  and 
adjustment  while  it  takes  place,  will  be  a  process  in  which  the 
various  factors  act  successively  to  produce  the  final  outcome.  It  is 
not  as  if  the  whole  behaviour  pattern  were  determined  upon  before 
any  movement  takes  place,  but  rather  that  during  the  process  of 
execution  further  adjustments  are  constantly  made  to  secure  the 
result. 

4.54.  In  connexion  with  these  continuous  adjustments,  made 
while  the  movement  proceeds,  the  interaction  between  the  ex- 
teroceptive and  the  proprioceptive  impulses  and  the  operation  of 
the  'feed-back'  principle^  become  of  special  significance.  In  the 
first  instance,  the  sensory  representation  of  the  environment,  and 
of  the  possible  goal  to  be  achieved  in  that  environment,  will  evoke 
a  movement  pattern  generally  aimed  at  the  achievement  of  the 
goal.  But  at  first  the  pattern  of  movement  initiated  will  not  be 
fully  successful.  The  current  sensory  reports  about  what  is  hap- 
pening will  be  checked  against  expectations,  and  the  difference 
between  the  two  will  act  as  a  further  stimulus  indicating  the  re- 
quired corrections.  The  result  of  every  step  in  the  course  of  the 
actions  will,  as  it  were,  be  evaluated  against  the  expected  results, 
and  any  difference  will  serve  as  an  indicator  of  the  corrections 
required. 

4.55.  In  this  process  the  intervention  of  the  highest  centres  is 
probably  needed  only  to  give  the  general  directions,  while  the 
execution  and  current  adjustment  is  left  to  the  guidance  of  the 
lower  centres.  Once  the  'course  is  set',  the  deviations  will  be 
automatically  corrected  by  the  differences  between  the  expected 
and  the  effective  stimuli  acting  as  the  signs  which  produce  the 
correction.  Such  responses  to  a  difference  between  expectations 

iQ.  T.  Morgan,  1943,  p.  411. 

^N.  Wiener,  1948  a  and  ^;  W.  S.  McCulloch,  1948;  W.  R.  Ashley,  1947,  1948, 

and  1949. 
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and  outcome  are  merely  a  special  case,  on  the  one  hand,  of  the 
general  principle  that  a  response  to  any  new  stimulus  is  deter- 
mined by  the  pre-existing  sensory  state,  and,  on  the  other,  of  the 
capacity  of  the  nervous  system  to  respond  in  a  particular  manner 
to  certain  kinds  of  relations  between  impulses  rather  than  merely 
to  particular  impulses.  Both  these  characteristics  of  the  higher 
centres,  the  predominant  importance  of  the  pre-existing  excitatory 
state,  and  the  tendency  to  respond  to  differences  between  ex- 
pected and  realized  impulses,  will  have  to  be  considered  further 
in  the  next  chapter. 

7.    BIOGENIC    NEEDS   AND    DRIVES 

4.56.  We  still  have  not  yet  noticed  the  prime  sources  of  activity 
of  the  organism,  namely  those  changes  in  its  constitution  or 
balance  which  occur  periodically  as  a  result  of  its  normal  vegeta- 
tive processes  and  which  make  action  by  the  organism  necessary 
if  it  is  to  survive.  In  consequence  of  our  stress  on  the  sensory 
organization  we  have  so  far  treated  the  whole  problem  as  if  it 
were  mainly  one  of  adaptation  of  the  organism  to  changes  origina- 
ting in  the  environment.  But  even  more  important  than  the 
question  why  the  organism  will  behave  differently  in  different 
environments  is  the  question  why  it  will  at  different  times  behave 
differently  in  the  same  environment. 

4.57.  Even  more  than  before  our  discussion  must  here  pre- 
suppose a  great  deal  which  belongs  to  theoretical  biology  and 
physiology.  As  has  already  been  pointed  out  (4.13),  there  is  really 
no  other  difference  between  the  problem  of  the  purposive  internal 
functioning  of  the  organism  and  that  of  its  purposive  behaviour 
towards  its  environment,  than  that  the  latter  raises  the  problem 
of  a  comprehensive  order  of  the  various  external  stimuli  which 
determines  how  in  different  combinations  they  will  modify  each 
other's  effects.  This  includes  the  problem  of  why  internal  stimuU 
may  bring  it  about  that  a  given  organism  will  at  different  times 
respond  differently  to  the  same  set  of  external  stimuli. 

4.58.  What  is  significant  here  for  our  purposes  is  not  so  much  the 
precise  nature  of  the  physiological  processes  which  determine  such 
states  as  hunger,  thirst,  and  the  like,  but  what  the  'attitudes', 
'dispositions',  or  'sets'  corresponding  to  these  physiological  states 
mean  for  the  responses  of  the  organism  towards  its  environment. 
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Since  these  various  'needs'  or  'drives'  may  be  produced  by  visceral, 
glandular  or  general  metabolic  processes,  it  is  convenient  to  refer 
to  them  by  the  generic  term  'biogenic  needs'.^ 

4.59.  It  may  be  mentioned  at  once  that  these  'needs'  resulting 
from  the  spontaneous  vegetative  processes  of  the  body  are,  of 
course,  closely  related  to,  and  sometimes  practically  indistin- 
guishable from,  another  kind  of  attitudes  or  sets  such  as  fear  or 
rage,  which,  though  usually  caused  by  some  sensory  perception, 
also  consist  of  a  disposition  for  a  certain  range  or  type  of  actions. 
The  problems  which  these  'emotions'  or  'feeUngs'  raise  are  thus 
very  similar  to  those  raised  by  the  needs  in  the  narrower  sense.  It 
would  be  difficult  to  decide  whether  the  sexual  urge  provoked  by 
a  sensory  impression  is  in  this  sense  a  'need'  or  an  'emotion'. 
Similarly,  appetite  may  be  stimulated  by  the  smell  of  some  delect- 
able food  without  hunger  being  present,  or  a  sense  of  fear  caused 
by  bodily  processes  without  any  sensory  (i.e.,  exteroceptive)  ex- 
perience inspiring  the  fear. 

4.60.  While  we  shall  in  the  first  instance  consider  the  significance 
of  needs  and  wants  proper,  and  leave  to  the  next  sections  any 
more  specific  comments  on  emotions,  most  of  what  is  to  be  said 
about  needs  appHes  equally  to  emotions.  Both  involve  not  only  a 
disposition  of  the  organism  towards  a  certain  class  of  actions,  but 
also  a  special  receptivity  for  certain  classes  of  stimuH.  As  a  result 
of  a  pecuHar  state  of  balance  the  whole  organism  comes  to  'Uke' 
or  'disHke'  particular  kinds  of  stimuH.  We  shall  later  in  connexion 
with  'attention',  (6.26-6.27)  have  to  consider  more  fully  the  nature 
of  this  state  of  excitatory  preparedness. 

4.61.  It  is  perhaps  useful  to  distinguish  between  the  term  'set'^ 
as  the  name  for  the  preparedness  of  the  organism  for  certain  kinds 
of  actions,  and  the  term  'expectancy'  for  the  increased  receptivity 
for  certain  kinds  of  stimuli  which  will  eHcit  the  corresponding 
responses.  But  such  a  distinction  between  the  sensory  and  the 
motor  aspect  of  what  is  essentially  a  relation  between  a  class  of 
stimuU  and  a  class  of  responses  must  not  lead  us  to  treat  them  as  if 
they  were  really  separate.  The  important  point  is  their  close  con- 
nexion, the  fact  that  the  organism  will  be  disposed  to  respond  in  a 
particular  manner  to  any  one  of  a  class  of  stimuh. 

4.62.  At  this  stage  of  the  exposition  it  is  yet  too  early  to  try  to 

iC.  T.  Morgan,  1943. 
^SeeJ.  J.  Gibson,  1941. 
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show  even  in  outline  how  such  a  state  of  need,  which  at  first  may 
produce  merely  an  aimless  increase  of  motor  activity,  may  be- 
come directed  towards  the  purposive  search  for  certain  kinds  of 
stimuli,  so  that  the  animal  searches  for  food  or  for  a  sex  partner, 
which,  when  found,  will  produce  the  consuming  activity.  This  will 
have  to  be  attempted  in  the  next  chapter. 

4.63.  Our  present  purpose  was  merely  to  show  that  in  addition 
to  the  'objective'  significance  which  the  different  stimuli  will 
acquire  for  the  organism  as  the  result  of  their  regular  association 
with  other  stimuli,  they  will  also  acquire  a  special  'subjective'  or 
'pragmatic'  significance  through  their  capacity  of  satisfying  certain 
needs.  The  connexions  which  will  give  them  this  significance  will 
operate  not  only  through  certain  stimuli  producing  certain  actions 
if  the  need  is  present,  but  also  through  the  need  of  making  the 
organism  search  for  stimuli  of  the  appropriate  kind.  This  evalua- 
tion of  stimuli  with  respect  to  goals  which  are  determined  by  the 
momentary  needs  will  have  to  be  considered  further  when  we 
examine  the  general  problem  of  how  a  representation  of  the  en- 
vironment enables  the  organism  to  act  'purposively'  (5.64  ff.). 

8.  EMOTIONS  AND  THE  JAMES-LANGE  THEORY 

4.64.  The  second  kind  of  dispositions,  emotions,  are  dispositions 
for  a  type  of  actions  which  in  the  first  instance  are  not  made 
necessary  by  a  primary  change  in  the  state  of  the  organism,  but 
which  are  complexes  of  responses  appropriate  to  a  variety  of 
environmental  conditions.  Fear  and  anger,  sorrow  and  joy,  are 
attitudes  towards  the  environment,  and  particularly  towards 
fellow  members  of  the  same  species,  which  may  become  attached 
to,  and  then  regularly  evoked  by,  a  great  many  different  classes  of 
stimuli. 

4.65.  This  means  that  a  great  variety  of  external  events,  and  also 
some  conditions  of  the  organism  itself,  may  evoke  one  of  several 
patterns  of  attitudes  or  dispositions  which,  while  they  last,  will 
affect  or  'colour'  the  perception  of,  and  the  responses  to,  any 
external  event.  In  the  mental  order  of  events,  that  is  in  the  in- 
fluence which  external  stimuH  can  exercise  on  further  mental 
processes  and  on  behaviour,  these  states  will  occupy  positions 
which  in  many  ways  will  be  similar  to  those  of  the  sensory  quah- 
ties:  the   occurrence   of  any   one   of  them  will   be   capable   of 

98 


SENSATION  AND  BEHAVIOUR 
modifying  the  result  of  a  given  sensory  situation  in  the  same 
kind  of  way  in  which  the  appearance  of  a  new  sensory  experience 
could  do  so. 

4.66.  Emotions  may  thus  be  described  as  'affective  qualities' 
similar  to  the  sensory  qualities  and  forming  part  of  the  same  com- 
prehensive order  of  mental  quaUties.  But  they  differ,  of  course,  in 
some  respects  from  the  sensory  quahties  and  must  be  regarded  as 
forming  a  distinct  sub-system  of  the  more  comprehensive  mental 
order.  The  relation  between  the  order  of  affective  quaUties  and  the 
order  of  sensory  quahties  must  be  conceived  as  somewhat  similar 
to  the  relations  between  the  orders  of  the  different  sensory  modali- 
ties which  also  form  sub-systems  of  the  more  comprehensive  order 
of  all  sensory  quahties  (3.75). 

4.67.  The  most  conspicuous  difference  between  the  order  of  the 
sensory  qualities  and  the  order  of  the  affective  qualities  is  that, 
while  the  former  is  organized  with  spatial  relationships  as  one  of 
its  main  ordering  principles,  the  affective  qualities  do  not  refer  to 
particular  points  in  space.  They  represent  not  qualities  of  particu- 
lar things  but  rather  a  condition  of  an  interval  of  time  as  a  whole. 
They  will  refer  not  to  what  is  to  be  expected  of  an  external  posi- 
tion but  are  rather  a  temporary  bias  or  preference  for  certain 
types  of  responses  towards  any  external  situation. 

4.68.  These  important  differences  between  sensor)^  and  affective 
qualities,  however,  do  not  alter  the  fact  that  the  general  principle 
by  which  they  are  determined  is  the  same.  The  similarity  of  the 
response  to  different  stimuli  will  in  both  instances  be  determined 
by  the  fact  that  the  corresponding  different  ner\''Ous  impulses  will 
evoke  the  same  following  of  other  impulses.  Similar  emotions,  as 
similar  sensations,  are  nervous  impulses  which  evoke  the  same 
following  and  which  are  therefore  functionally  equivalent  and 
classified  as  the  same  kind  of  event.  The  main  difference  is  that 
within  the  sensory  sub-system  of  the  mental  order  the  classifying 
connexions  will  be  mainly  with  other  impulses  representing  sen- 
sory stimuli,  while  in  the  affective  sub-system  the  classifying  con- 
nexions will  be  mainly  with  impulses  representing  certain  types  of 
behaviour. 

4.69.  But  although  the  order  of  affective  quahties  will  constitute 
a  sub-system  in  the  more  comprehensive  system  of  quahties  (in 
the  sense  that  the  impulses  belonging  to  it  will  be  less  closely  con- 
nected with  impulses  in  other  parts  of  the  larger  system  than  they 

99 


THE  SENSORY  ORDER 
are  connected  among  themselves) ,  this  does  not  prevent  this  sub- 
system from  contributing  to  the  differences  between  sensory 
qualities,  and  vice  versa.  By  becoming  connected  with  sensory 
qualities  those  differently  organized  qualities  can  add,  as  it  were, 
an  additional  dimension  to  the  order  of  sensory  qualities;  and 
similarly  the  differences  between  the  different  sensory  qualities 
associated  to  different  groups  of  the  latter  may  assist  in  enriching 
the  variety  of  differentiations  between  the  former. 

4.70.  This  account  of  the  determination  of  the  affective  qualities 
of  course  corresponds  very  closely  to  the  familiar  James-Lange 
theory  of  emotions  As  we  said  before  of  the  Berkeleyan  theory  of 
spatial  vision  (3.40-3.42),  the  James-Lange  theory  also  may  be 
regarded  as  a  special  case  of  the  theory  of  mental  qualities  here 
outlined.  The  modifications  which  are  required  to  make  the 
James-Lange  theory  fit  into  our  scheme  are  practically  the  same 
as  those  which  we  had  to  make  with  regard  to  the  role  which 
proprioceptive  impulses  play  in  determining  the  perception  of 
space.  We  shall  not  regard  the  actual  sensations  produced  by  the 
various  bodily  accompaniments  of  a  given  stimulus  as  deter- 
mining its  affective  values,  but  merely  the  following  of  physio- 
logical impulses  which  record  the  states  of  the  body  and  which, 
in  the  same  manner  in  which  such  a  following  can  determine  the 
peculiar  functional  significance  which  we  know  as  sensory  quali- 
ties, can  also  determine  affective  qualities. 

4.71.  We  do,  therefore,  not  propose  to  say,  with  William  James, 
that  emotions  are  'a  set  of  kinesthetic  and  organic  sensations'.  We 
shall  merely  contend  that  the  connexions  with  impulses  recording 
certain  connected  sets  of  changes  in  the  general  state  of  the  body 
can  give  certain  central  impulses  that  peculiar  position  in  the 
whole  system  of  mental  events  which  we  know  as  the  different 
affective  qualities. 

4.72.  The  James-Lange  theory  of  emotions  (like  Berkeley's 
theory  of  spatial  vision)  would  thus  appear  to  be  justified  in  its 
endeavour  to  reduce  the  qualitative  attributes  of  those  mental 
events  to  relations  between  different  impulses  which,  if  fully 
evaluated,  might  evoke  certain  other  sensations.  Both  theories, 
however,  fall  short  of  a  real  answer  to  their  problem,  and  in  fact 
merely  shift  the  problem  to  a  different  point,  because  they 
attempt  to  explain  the  quality  of  one  kind  of  experience  by 
reference  to  qualities  occurring  in  another  kind  of  experience, 
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which  latter  they  take  as  not  requiring  explanation.  In  so  far  as 
they  were  concerned  with  only  that  one  kind  of  mental  quality 
this  procedure  was  inevitable.  But  if  we  consistently  follow  up  and 
generalize  the  principle  underlying  those  theories,  there  remain  of 
course  no  given  mental  quahties;  we  are  forced  to  replace  the 
whole  system  of  qualities  by  a  system  of  relations  between  initially 
undifferentiated  elements  which  can  be  conceived  to  be  isomor- 
phic with  the  system  of  qualities  which  we  have  to  explain. 
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CHAPTER  V 
THE    STRUCTURE    OF    THE    MENTAL    ORDER 

I.    PRE-SENSORY    EXPERIENCE    OR    'lINKAGES' 

5.1.  In  the  preceding  chapters  we  have  given  the  general  outline 
of  the  principle  by  which  a  set  of  neural  impulses  in  principle  may 
become  organized  in  a  manner  analogous  to  the  familiar  order  of 
the  mental  qualities.  We  shall  now  have  to  try  and  fill  in  this  out- 
line by  a  sketch  of  the  process  by  which  this  order  is  formed,  and 
of  the  general  character  of  that  order  itself. 

5.2.  This  account  of  the  formation  of  the  mental  order  will  still 
have  to  be  extremely  schematic,  in  the  sense  that  we  shall  not 
attempt  more  than  a  general  indication  of  a  possible  way  in  which 
such  an  order  may  be  built  up,  without  attempting  to  show  in 
what  manner  this  will  happen  in  any  particular  organism.  We 
shall  also  still  have  largely  to  disregard  the  distinction  between  the 
part  of  this  process  which  takes  place  in  the  course  of  the  develop- 
ment of  the  single  individual,  and  the  part  which  takes  place  in 
the  course  of  the  development  of  the  species  and  the  results  of  which 
will  be  embedded  in  the  structure  of  the  individual  organism  when 
it  commences  its  independent  life  (or  when  it  reaches  maturity) . 

5.3.  There  is  at  present  still  very  little  knowledge  available  which 
would  enable  us  to  draw  such  a  distinction  between  the  part  of 
the  mental  order  which  for  the  individual  is  determined  by  its 
inherited  constitution  and  the  part  which  for  it  may  be  regarded 
as  being  of  experiential  origin.  ^  But  as  we  are  concerned  with  the 
genesis  of  mind  as  such,  it  is  comparatively  unimportant  what  for 
the  individual  are  constitutional  and  what  are  experiential 
factors ;  indeed,  it  is  at  least  likely  that  what  for  one  species  or  at 
one  developmental  stage  may  be  of  experiential  origin,  may  in 
other  instances  be  constitutionally  determined.  What  is  important 
^See,  however,  the  very  important  contributions  to  this  problem  by  K.  Lorenz, 

1943- 
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for  our  purposes  is  that  it  would  appear  that  the  principle  which 
determines  the  formation  of  the  mental  order  may  operate  either 
in  the  ontogenetic  or  in  the  phylogenetic  process.  Such  an  assump- 
tion of  a  general  similarity  between  the  kind  of  processes  which 
take  place  in  the  evolution  of  the  species  and  in  that  of  the  indi- 
vidual does,  of  course,  in  no  way  prejudge  the  issues  of  the  great 
controversies  on  the  mechanism  of  evolution. 

5.4.  For  the  purposes  of  the  following  schematic  exposition  we 
shall,  therefore,  proceed  as  if  at  the  commencement  of  the  life  of 
the  individual  the  structure  of  the  central  nervous  system  were 
fully  completed  before  any  connexions  between  neurons  corres- 
ponding to  the  simultaneous  occurrence  of  stimuli  had  been 
established.  This  means  in  effect  that  we  shall  disregard  the  pos- 
sibility of  the  transmission  from  generation  to  generation  of  con- 
nexions in  the  higher  nervous  centres  which  constitute  adapta- 
tions to  the  environment ;  and  that  we  shall  treat  a  process  as  if  it 
took  place  in  the  development  of  the  single  individual  which  in 
fact  probably  occurs  to  a  large  extent  in  the  course  of  the  develop- 
ment of  the  species.  This  assumption  perhaps  may  be  justified  in 
some  measure  in  so  far  as  the  highest  centres  are  concerned,  but  it 
certainly  does  not  apply  to  the  connexions  existing  at  the  lower 
levels,  which  form  an  essential  part  in  the  complete  process  of 
classification. 

5.5.  An  afferent  impulse  arriving  for  the  first  time  at  the  higher 
centres  of  such  a  system  would  thus  not  yet  possess  any  connexions 
with  other  such  impulses  and  therefore  not  yet  occupy  a  definite 
position  in  the  order  of  such  impulses,  or  have  a  distinct  functional 
significance.  But  since  every  occurrence  of  a  combination  of  such 
impulses  will  contribute  to  the  gradual  formation  of  a  network  of 
connexions  of  ever-increasing  density,  every  neuron  will  gradually 
acquire  a  more  and  more  clearly  defined  place  in  the  compre- 
hensive system  of  such  connexions,  and  with  it  a  distinct  functional 
significance  which  in  a  great  many  ways  will  differ  from  that  of 
other  impulses. 

5.6.  In  a  certain  sense  it  might  be  said  that  the  qualitative  dis- 
tinctions which  will  thus  be  built  up  between  the  significance  of 
the  different  impulses  are  created  by  'experience'.  In  doing  so, 
however,  we  should  have  to  be  aware  that  we  are  using  the  term 
'experience'  in  a  somewhat  special  sense.  Since  the  impulses  be- 
tween which  these  first  connexions  are  formed  would  not  yet 
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occupy  a  place  in  an  order  of  sensory  qualities,  and  no  such  order 
would  yet  exist,  their  occurrence  could  not  yet  be  described  as 
experience  in  the  ordinary  meaning  of  this  term.  It  would  not  yet 
represent  a  mental  event  but  would  be  a  purely  physiological 
event  because  it  would  possess  none  of  the  attributes  which  give  it 
a  place  in  a  mental  or  qualitative  order. 

5.7.  The  term  'experience'  in  this  connexion  is  thus  somewhat 
ambiguous  and  misleading,  because  it  suggests  the  occurrence  of 
sensory  qualities,  while  the  phenomenon  with  which  we  are  con- 
cerned is  a  kind  of  pre-sensory^  experience  which  only  creates  the 
apparatus  which  later  makes  qualitative  distinctions  possible.  To 
avoid  the  misleading  connotations  which  attach  to  the  term  ex- 
perience it  will  therefore  be  expedient  to  employ  a  more  neutral 
term  to  describe  the  formation  of  new  connexions  by  the  simul- 
taneous occurrence  of  several  afferent  impulses.  We  shall  for  that 
purpose  adopt  as  the  technical  term  the  word  'linkage'. 

5.8.  By  a  linkage  we  shall  thus  understand  the  most  general  last- 
ing effect  which  groups  of  stimuli  can  impress  upon  the  organiza- 
tion of  the  central  nervous  system.  It  implies  a  physiological  effect 
of  external  events  on  that  organization,  but  not  necessarily  that 
when  these  external  events  occur  they  already  possess  any  distinct 
significance  for  the  organism.  It  is  a  sort  of  learning  to  discriminate 
which  may  occur  before  any  discriminations  are  yet  possible,  an 
'experience'  which,  though  it  will  later,  when  the  same  stimuli 
occur  again,  give  them  special  significance  for  the  organism,  need 
at  the  time  as  yet  have  no  meaning  for  the  individual. 

5.9.  When  we  stress  that  events  producing  these  linkages  need 
not  be  in  any  sense  mental  or  sensory  events,  we  of  course  do  not 
merely  mean  that  they  need  not  be  conscious.  It  must  be  remem- 
bered that  we  employ  here  the  term  'mental'  in  a  sense  which  is 
wider  than,  and  includes,  the  conscious  (i. 67-1. 73).  The  events 
between  which  linkages  occur  need  not  possess  even  such  a  place 
in  the  mental  order  which  would  make  them  mental  events  in  this 
wider  sense. 

^This  concept  of  pre-sensory  experience  must  not  be  confused  with  the  con- 
ception of  'pre-sensation'  as  used  by  F.  R.  Bichowski,  1925,  and  R.  B.  Cattel, 
1930,  to  describe  the  'first  conscious  effect  that  can  be  traced  to  a  stimulus  .  .  . 
which  does  not  yet  possess  spatial  or  temporal  quality,  that  is  to  say,  is  not  felt 
to  be  located  in  space  or  time,  or  to  have  the  definite  qualities  and  relations 
usually  associated  with  sensations'.  (Bichowski,  p.  589.) 
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5.10.  In  some  respects  it  might  have  been  preferable  instead  of 
introducing  the  clumsy  new  term  'linkage',  to  revive  in  the  same 
technical  sense  the  old  term  'impression'.  But  this  term  not  only  is 
so  much  charged  with  the  meaning  of  a  mental  experience  that  it 
seemed  better  to  avoid  it,  but  it  also  seemed  desirable  to  choose  a 
term  which  expressly  stressed  that  all  such  experience  which  can 
give  rise  to  memory  must  always  consist  in  the  creation  of  con- 
nexions between  several  physiological  events.  And  since  all 
memory  consists  in  the  Hnking  of  two  or  more  such  events  it  seemed 
better  to  describe  the  effect  which  produces  memory  by  a  term 
referring  to  the  creation  of  such  Hnks. 

5.1 1.  Although  it  may  sound  commonplace  that  all  experience, 
in  the  widest  sense  of  the  term,  causes,  and  that  all  memory  is 
based  on,  the  creation  of  connexions  between  physiological  events 
representing  stimuli,  this  still  requires  emphasis,  since  there  exists 
another  view  which,  just  because  it  is  rarely  expHcitly  stated,  yet 
exercises  considerable  influence  and  is  one  of  the  main  supports  of 
the  idea  of  a  special  mental  substance.  This  view  is  what  might  be 
called  the  'storage'  theory  of  memory,  the  conception  that  with 
every  experience  some  new  mental  entity  representing  sensations 
or  images  enters  the  mind  or  the  brain  and  is  there  retained  until 
it  is  returned  at  the  appropriate  moment. 

5.12.  This  conception  is,  of  course,  part  and  parcel  of  the  theory 
of  the  absolute  character  of  sensory  qualities,  and  connected  with 
the  erroneous  interpretation  of  the  theory  of  the  specific  energy  of 
the  nerves,  according  to  which  the  nature  of  the  process  in  the 
different  fibres  determines  the  quality  of  the  resulting  sensation. 
Against  it  we  should  remember  that  we  know  of  no  physiological 
mechanism  which  can  retain  anything  except  connexions  between 
different  events,  and  that,  therefore,  any  theory  of  mind  which  is 
to  be  expressed  in  physiological  terms  must  use  'experience'  and 
'memory'  in  the  sense  which  we  stress  by  employing  the  term 
'linkage.' 

5.13.  The  theory  here  developed  then  assumes  that  every  sensory 
quality  which  occurs  presupposes  the  previous  occurrence  of 
linkages  between  impulses  which  may  not  yet  have  been  classified 
as  belonging  to  a  particular  quaHtative  group.  Even  after  relatively 
simple  systems  of  connexions,  effecting  some  measure  of  classifica- 
tion, have  been  formed,  this  system  will  be  constantly  modified  by 
new  linkages.  But  as  the  existing  system  of  connexions  becomes 
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more  and  more  complex  and  more  firmly  embedded,  any  new 
linkage  will  be  less  likely  to  alter  its  general  character. 

5.14.  One  important  consequence  of  this  relation  between 
physiological  linkages  and  sensory  experience  is  that  there  will  be 
implicit  in  all  sensory  experience  certain  relations  determined  by 
earlier  linkages  (i.e.,  by  the  influence  of  the  external  world  on  the 
organism)  which  have  never  been  the  object  of  sensory  experience 
in  the  ordinary  meaning  of  this  term;  and  that  the  order  of  sensory 
qualities  will  be  subject  to  continuous  modification  by  new  link- 
ages between  impulses  which  may  not  lead  to  sense  experience. 
The  epistemological  significance  of  this  fact  will  be  examined  in 
the  last  chapter  (8.1-8.27). 

5.15.  The  terminological  point  discussed  in  this  section  has  some 
bearing  on  the  question  whether  our  theory  of  the  determination 
of  sensory  qualities  can  be  properly  described  as  'empiricist'.  It 
seems  that  in  the  dispute  between  the  'empiricists'  and  the  'nati- 
vists'  there  were  really  two  different  issues  involved.  The  first  is 
whether,  so  far  as  the  individual  is  concerned,  the  order  of  sensory 
qualities  is  congenital  or  acquired  by  individual  experience.  On 
this  probably  no  general  answer  is  possible.  The  second  is,  whether 
the  whole  sensory  order  can  be  conceived  as  having  been  built  up 
by  the  experience  of  the  race  or  the  individual,  i.e.  whether  it  is 
based  on  the  retention  of  connexions  between  effects  exercised 
upon  them  by  the  external  world.  With  regard  to  this  second 
question  our  answer  is  definitely  empiricist  (2.16). 

5.16.  It  might  at  first  seem  as  if  this  empiricist  character  of  our 
theory  would  stand  in  irreconcilable  contrast  to  the  strongly  anti- 
empiricist  attitude  of  the  gestalt  school  with  whose  arguments  our 
theory  is  in  other  respects  in  close  agreement.  I  am  not  certain, 
however,  that  the  opposition  of  the  gestalt  school  to  an  empiricist 
explanation  of  gestalt  qualities  as  being  'built  up'  by  experience 
from  sensory  'elements'  need  apply  to  a  theory  which,  as  the 
theory  developed  here,  traces  all  sensory  qualities,  'elementary'  as 
well  as  gestalt  qualities,  to  the  pre-sensory  formation  of  a  network 
of  connexions  based  on  linkages  between  non-mental  elements. 
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2.    THE    GRADUAL    FORMATION    OF    A    'mAP'    REPRODUCING 

RELATIONS    BETWEEN    CLASSES    OF    EVENTS    IN    THE 

ENVIRONMENT 

5.17.  The  connexions  formed  by  the  Hnkages  between  different 
impulses  will  evidently  reproduce  certain  regularities  in  the  occur- 
rence of  the  external  stimuli  acting  on  the  organism.  The  network 
of  these  connexions  will  reproduce  not  any  attributes  of  the  indi- 
vidual stimuh  (whose  identity  is  determined  solely  by  their  capa- 
city of  setting  up  impulses  in  a  particular  sensory  fibre,  or  group 
of  fibres),  but  a  sort  of  record  of  past  associations  of  any  particular 
stimulus  with  other  stimuli  which  have  acted  upon  the  organism 
at  the  same  time.  While  such  a  record,  dependent  upon  the  fre- 
quency which  in  the  course  of  the  development  of  an  individual 
(or  possibly  species)  certain  stimuli  have  occurred  together,  will 
reproduce  certain  relationships  between  these  stimuli  determined 
by  the  physical  differences  between  them,  it  will  clearly  not  give  a 
full  or  correct  reproduction  of  all  the  relations  ^vhich  can  be  said 
'objectively'  to  exist  between  these  stimuh. 

5.18.  We  have  seen  in  the  first  Chapter  (1.14-1.19)  that  a 
description  of  the  stimuh  in  physical  terms  involves  a  classification 
of  these  stimuh  based  solely  on  their  observed  relations  to\vards 
each  other  and  neglecting  any  difference  or  similarity  of  the 
response  of  the  organism  on  which  they  act.  It  seems  to  be  in  con- 
formity with  general  scientific  procedure  to  treat  only  those 
differences  between  stimuli  which  manifest  themselves  in  their 
relations  to  other  stimuli  as  differences  belonging  to  the  physical 
world  (or  as  differences  constituting  the  physical  order  of  the 
universe),  and  to  regard  differences  and  similarities  bet\veen 
groups  of  stimuh  which  show  themselves  solely  in  their  effects  on 
certain  types  of  organisms  as  due  to  the  organization  of  these 
organisms.  Our  present  task  is  to  show  the  kind  of  classification, 
or  of  ordering  of  the  stimuh,  which,  through  the  process  we  have 
sketched,  such  an  organism  is  hkely  to  develop. 

5.19.  The  gradual  evolution  of  the  mental  order  involves  thus  a 
gradual  approximation  to  the  order  which  in  the  external  world 
exists  between  the  stimuh  evoking  the  impulses  which  'represent' 
them  in  the  central  ner\^ous  system.  But  while  conceptual  thinking 
has  long  been  recognized  as  a  process  of  continuous  reorganiza- 
tion of  the  (supposedly  constant)   elements  of  the  phenomenal 
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world,  a  reorganization  which  makes  their  arrangement  corres- 
pond more  perfectly  with  experience,  we  have  been  led  to  the 
conclusion  that  the  qualitative  elements  of  which  the  phenomenal 
world  is  built  up,  and  the  whole  order  of  the  sensory  qualities,  are 
themselves  subject  to  continuous  change.  There  remains,  in  con- 
sequence, no  justification  for  the  sharp  distinction  between  the 
direct  sensory  perception  of  qualities  and  the  more  abstract  pro- 
cesses of  thought;^  we  shall  have  to  assume  that  the  operations  of 
both  the  senses  and  the  intellect  are  equally  based  on  acts  of 
classification  (or  reclassification)  performed  by  the  central  nervous 
system,  and  that  they  are  both  part  of  the  same  continuous  pro- 
cess by  which  the  microcosm  in  the  brain  progressively  approxi- 
mates to  a  reproduction  of  the  macrocosm  of  the  external  world. 

5.20.  The  order  which  the  linkages  will  gradually  create  in  the 
central  nervous  system  will,  for  several  reasons,  constitute  not  only 
a  very  imperfect  but  in  some  respect  even  a  definitely  erroneous 
reproduction  of  the  relations  which  exist  between  the  correspond- 
ing physical  stimuli.  In  the  first  instance,  the  receptor  organs 
through  which  the  physical  stimuli  set  up  nervous  impulses  are 
imperfectly  selective  in  several  respects:  the  organism  possesses 
receptor  organs  which  are  sensitive  for  only  certain  kinds  of  ex- 
ternal events  but  not  for  others;  and  these  receptor  organs  which 
it  does  possess  also  do  not  sharply  distinguish  between  stimuli 
which  are  physically  different.  Physically  different  events  may 
stimulate  the  same  receptor  organs  and  set  up  impulses  in  the 
same  sensory  fibre,  and  physical  stimuli  of  the  same  kind  but  acting 
on  different  receptors  may  be  recorded  as  different  sensory  moda- 
lities (1.39).  Which  external  events  are  recorded  at  all,  and  how 
they  will  be  recorded,  will  thus  depend  on  the  given  structure  of 
the  organism  as  it  has  been  shaped  by  the  process  of  evolution. 

5.21.  Secondly,  the  kinds  of  physical  stimuli  which  will  act  on  a 
particular  organism,  and  the  relative  frequency  of  the  simultane- 
ous occurrence  of  the  different  stimuli,  will  correspond  not  to 
conditions  in  the  world  at  large,  but  to  conditions  in  the  particular 
environment  in  which  the  organism  has  existed.  The  partial  re- 
production of  the  relations  between  the  stimuli  acting  on  the 
organism  will  therefore  be  a  reproduction  of  those  relations  only 
which  appear  in  a  certain  sector  of  the  external  world,  and  will 
not  necessarily  be  representative  of  those  existing  in  the  whole  of  it. 
^Cf.,  H.  Margenau,  1950,  p.  54;  and  H.  Werner,  1948,  pp.  222-225,  234-236. 
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5.22.  Thirdly,  as  we  have  seen  already  (Chapter  IV),  one  of  the 
most  important  parts  of  the  'environment'  from  which  the  central 
nervous  system  will  receive  signals  producing  hnkages,  wdll  be  the 
milieu  interieur,  the  internal  environment  or  the  rest  of  the  organism 
in  which  the  central  nervous  system  exists.  Since  the  events  in  the 
organism  will  in  some  degree  be  co-ordinated  with  each  other  and 
with  the  events  in  the  external  world  proper,  independently  of  the 
functioning  of  the  higher  ner\-ous  centres,  it  is  inevitable  that  the 
relations  existing  between  them  should  play  a  large  part  in  shaping 
the  order  that  will  be  formed  in  the  higher  centres. 

5.23.  Fourthly,  there  is  no  reason  to  assume  that  the  capacity  of 
the  higher  centres  to  form  connexions  between  the  neurons  in 
which  impulses  occur  at  the  same  time  is  uniform  throughout  those 
centres.  It  is  probable  that  the  given  anatomical  structure  will 
facilitate  the  formation  of  certain  connexions  and  make  the  forma- 
tion of  others  more  difficult  (or  impossible) .  The  resulting  struc- 
ture of  connexions  would  by  this  be  further  distorted  or  prevented 
from  giving  a  true  reproduction  of  the  relations  between  even  those 
impulses  which  unequivocally  represent  specific  physical  stimuh. 

5.24.  Fifthly,  as  a  result  of  the  successive  classification  of  the 
impulses  on  several  different  levels  (4.33),  the  signals  reaching  the 
higher  and  more  comprehensive  centres  \\i\\  often  not  represent 
individual  stimuh,  but  may  stand  for  classes  or  groups  of  such 
stimuh  formed  at  lower  levels  for  particular  functional  purposes. 
Any  further  classification  effected  at  the  higher  centres  will  there- 
fore be  subject  to  all  the  distortions  which,  for  reasons  similar  to 
those  already  mentioned,  have  occurred  on  lower  levels. 

5.25.  In  discussing  the  relationships  between  the  network  of 
connexions  which  will  thus  be  formed,  and  the  structure  of  exter- 
nal events  which  it  can  be  said  to  reproduce,  it  \vill  be  useful 
sometimes  to  employ  the  simile  of  the  map  which  in  a  somewhat 
analogous  manner  reproduces  some  of  the  relations  ^\-hich  exist  in 
certain  parts  of  the  physical  world.  The  picture  of  the  geographical 
map  in  this  connexion  comes  so  readily  to  one's  mind^  because  of 
its  similarity  with  the  simple  arro^\•  diagram  ^vhich  is  the  most 
obvious  method  of  schematically  depicting  the  structure  of  a 
complex  dynamic  system  whose  elements  are  connected  as  cause 
and  effect. 

^For  similar  uses  of  the  concept  of  the  map  see,  e.g.,  E.  D.  Adrian,  1947, 
pp.  16-18,  and  E.  C.  Tolman,  1948. 
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5.26.  This  'map'  of  the  relationships  between  various  kinds  of 
events  in  the  external  world,  which  the  linkages  will  gradually 
produce  in  the  higher  nervous  centres,  will  not  only  be  a  very 
imperfect  map,  but  also  a  map  which  is  subject  to  continuous 
although  very  gradual  change.  It  will  not  only  give  merely  some 
of  the  relations  existing  in  the  external  world,  and  give  in  addition 
some  which  are  different  from  those  which  exist  objectively,  but  it 
will  also  not  give  a  constant  but  a  variable  picture  of  the  structures 
which  it  reproduces. 

5.27.  The  different  maps  which  will  thus  be  formed  in  different 
brains  will  be  determined  by  factors  which  are  sufficiently  similar 
to  make  those  maps  also  similar  to  each  other.  But  they  will  not  be 
identical.  Complete  identity  of  the  maps  would  presuppose  not 
only  an  identical  history  of  the  different  individuals  but  also  com- 
plete identity  of  their  anatomical  structure.  The  mere  fact  that  for 
each  individual  the  map  will  be  subject  to  constant  changes  prac- 
tically precludes  the  possibility  that  at  any  moment  the  maps  of 
two  individuals  should  be  completely  identical. 

5.28.  The  conception  of  'similarity'  between  several  different 
systems  of  relationships  which  are  not  completely  identical,  such 
as  would  exist  between  two  maps  of  this  kind,  and  still  more  so 

.  the  conception  of  varying  degrees  of  similarity,  and  that  of  similar 
positions  in  similar  systems  of  relationships,  present  considerable 
conceptual  difficulties.  It  is  the  same  difficulty  which  we  encounter 
when  we  consider  the  degrees  of  similarities  between  various 
qualities  or  gestalts.  The  simile  of  the  map,  however,  will  show 
what  is  meant:  we  can  recognize  without  great  difficulty  not  only 
the  similarity  of  different  maps  of  the  same  region,  although  they 
may  be  drawn  in  different  projections,  contain  different  details 
and  refer  to  different  dates,  but  we  shall  in  general  also  be  able  to 
identify  corresponding  points  on  two  such  maps  as  referring  to  the 
same  point  in  the  real  world.  Two  persons  discussing  the  same 
walk,  with  different  maps  of  the  region  before  them,  will  in  general 
encounter  no  difficulty  in  understanding  each  other,  although  parti- 
cular points  on  their  route  may  have  different  significance  for  them. 

5.29.  In  the  'map'  with  which  we  are  concerned,  the  relevant 
relations  between  the  individual  points  are  not  their  spatial  re- 
lations, however,  but  solely  the  paths  through  which  impulses  can 
be  transmitted.  It  is  a  topological  and  not  a  topographical  map. 
It  will  resemble  rather  one  of  those  schematic  railway  maps  in 
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which  connexions  are  indicated  by  straight  Hnes  without  repre- 
senting accurate  distances.  It  will  resemble  a  topographical  map 
only  in  the  sense  that  it  will  also  show  where  any  given  movement 
will  lead  us. 

5.30.  For  a  description  of  the  process  by  which  linkages  will 
gradually  produce  a  map  of  the  relations  between  the  stimuli 
acting  on  the  organism,  the  simile  of  the  map,  however,  soon 
becomes  inadequate,  because  the  classification  with  which  we 
are  concerned  will,  as  we  have  seen,  occur  on  many  successive 
levels.  We  should  have  to  think  of  the  whole  system  of  connexions 
as  consisting  of  many  vertically  superimposed  sub-systems  which 
in  some  respects  may  operate  independently  of  each  other.  Every 
sub-system  of  this  kind  will  constitute  a  partial  map  of  the  environ- 
ment, and  the  maps  formed  at  the  lo\ver  levels  ^vill  serve  for  the 
guidance  of  merely  a  limited  range  of  responses,  and  at  the  same 
time  act  as  filters  or  preselectors  for  the  impulses  sent  on  to  the 
higher  centres,  for  which,  in  turn,  the  maps  of  the  lower  levels 
constitute  a  part  of  the  environment. 

5.31.  While  the  full  and  detailed  classification  of  sensory  im- 
pulses, corresponding  to  the  order  of  sensory  qualities  which  we 
know  from  conscious  experience,  is  eff'ected  mainly  at  the  highest 
centres,  we  must  assume  a  more  limited  classification  on  somewhat 
similar  principles  to  take  place  already  at  the  lower  levels,  where 
certainly  no  conscious  experience  is  associated  with  it.  The  quali- 
tative order  which  is  familiar  to  us  in  its  most  developed  form 
from  our  conscious  experience  will  exist  in  a  more  rudimentary 
form  on  lower  levels  where  we  have  no  direct  knowledge  of  it, 
but  can  only  attempt  to  reconstruct  it  as  part  of  our  endeavour  to 
understand  the  whole  hierarchy  of  the  apparatus  of  classification 
which  culminates  in  conscious  mind.  There  can  be  little  doubt 
that  we  must  assume  the  existence  on  lower  levels  of  such  an  order 
of  the  sensory  impulses  somewhat  analogous  to  that  revealed  by 
our  conscious  experience,  an  order  which  we  can  ascertain  only 
from  the  character  of  the  discriminatory  responses  of  which  we  are 
not  conscious. 

5.32.  We  have  already  discussed  the  significance  of  this  hier- 
archical order  of  the  central  nervous  system  and  the  significance 
which  the  classification  of  impulses  will  have  for  the  operation  of 
the  whole  (4.1 1-4.26),  and  we  shall  leave  aside  until  the  next 
chapter  the  question  of  the  'conscious'  character  of  some  of  the 
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processes  which  take  place  at  the  highest  levels.  It  will  also  be  seen 
now,  although  a  fuller  discussion  of  this  must  wait  until  later  in 
this  chapter,  that  the  difference  between  what  are  commonly 
regarded  as  merely  'mechanical'  and  as  mental  processes  respec- 
tively is  not  one  of  kind  but  merely  one  of  degree ;  and  that  the 
extent  to  which  a  process  partakes  of  the  character  of  the  mental 
will  depend  on  the  complexity  of  the  ordering  processes  which 
intervene  between  the  stimulus  and  the  response;  or  rather,  since 
the  stimulus-response  terminology  becomes  somewhat  inappro- 
priate at  this  stage,  between  the  excitatory  state  of  the  sensory 
apparatus  and  the  resulting  behaviour. 

3.    THE    'map'    and    the    'mODEl' 

5'33«  We  must  now  consider  the  manner  in  which,  within  a  given 
structure  of  connexions,  the  many  impulses  proceeding  at  any  one 
moment,  can  mutually  influence  each  other.  Up  to  this  point  we 
have  examined  only  the  mutual  effects  which  new  afferent  im- 
pulses arriving  more  or  less  at  the  same  time  will  exercise  upon 
each  other.  The  centres  at  which  such  impulses  arrive  will,  how- 
ever, never  be  found  in  an  inactive  state.  As  we  ascend  to  higher 
and  higher  levels,  the  function  of  new  impulses  arriving  there  will 
be  less  and  less  to  evoke  specific  responses  but  increasingly  merely 
to  modify  and  control  behaviour  in  the  light  of  the  whole  situation, 
represented  not  only  by  simultaneously  arriving  other  impulses 
but  also  by  the  retained  picture  of  the  environment.  This  involves 
that  a  sort  of  record  of  recently  received  stimuli  is  kept  at  these 
higher  centres. 

5.34.  As  any  afferent  impulse  is  passed  on  to  higher  levels,  it 
will  send  out  more  and  more  branches  which  will  potentially  be 
capable  of  reinforcing  or  inhibiting  an  ever-increasing  range  of 
other  impulses.  This  increasing  ramification  of  every  chain  of 
impulses,  as  it  ascends  through  successive  relays  to  higher  levels, 
will  mean  that  at  any  moment  the  general  excitatory  state  of  the 
whole  nervous  system  will  depend  less  and  less  on  the  new  stimuli 
currently  received,  and  more  and  more  on  the  continued  course  of 
chains  of  impulses  set  up  by  stimuli  which  were  received  during 
some  period  of  the  past.  In  consequence,  an  ever-increasing  part  of 
the  forces  determining  the  response  will  consist  of  the  pre-existing 
distribution  of  impulses  throughout  the  whole  system  of  connected 
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fibres,  while  the  newly  arriving  impulses  will  play  a  correspond- 
ingly smaller  part. 

5.35.  It  is  a  corollary  of  this  steadily  increasing  influence  of  the 
pre-existing  excitatory  state  that  the  main  significance  of  any  new 
stimulus  will  be  that  it  will  alter  the  general  disposition  for  re- 
sponding in  particular  ways  to  further  stimuli,  and  that  less  and 
less  of  its  effect  will  consist  in  producing  a  specific  response.  In 
other  words,  a  greater  and  greater  part  of  the  effects  of  impulses 
set  up  by  any  new  stimuli  will  go  to  create  a  'set'  controlling  future 
responses,  and  a  smaller  part  directly  to  influence  current 
responses.  As  we  reach  higher  levels,  the  classification  of  the 
impulses  becomes  thus  less  specific  to  a  particular  function,  and 
more  general  in  the  sense  that  it  will  help  to  create  a  disposition  to 
a  certain  range  of  responses  to  an  ever-growing  variety  of  stimuli. 

5.36.  As  the  classification  becomes  thus  more  'general'  and  less 
'specific',  the  classifying  event  also  becomes  more  and  more 
definitely  a  central  process  while  the  relations  to  any  particular 
peripheral  response  become  at  the  same  time  more  remote  and 
round-about.  As  higher  and  more  embracing  centres  are  reached 
the  effect  of  any  newly  arriving  afferent  impulse  on  the  central 
process  will  become  more  and  more  important  compared  with  its 
direct  effect  on  peripheral  responses.  We  must  think  increasingly 
in  terms  of  a  continuous  central  process  which  at  any  moment  will 
merely  be  somewhat  modified  by  the  newly  arriving  afferent  im- 
pulses and  only  part  of  which  will,  as  it  were,  continuously  spill 
over  into  efferent  signals  producing  peripheral  responses. 

5.37.  It  thus  will  be  the  totafity  of  all  the  different  impulses 
proceeding  at  any  given  moment  in  the  higher  centres  which 
determines  what  is  to  be  the  response  to  any  newly  arriving 
impulse.  Since  all  these  impulses  thus  act  as  a  sort  of  representation 
or  picture  of  the  momentary  environment,  to  which  the  response 
to  any  new  impulse  is  adjusted,  it  is  not  fanciful  to  describe  the 
whole  as  an  apparatus  of  orientation.  ^  By  providing  a  reproduc- 
tion of  the  environment  in  which  the  organism  moves  at  the 
moment,  it  adjusts  the  responses  to  those  elements  in  the  environ- 
ment which  are  represented  in  it. 

5.38.  It  seems  probable  that  at  these  higher  centres  some  of  the 
impulses  representing  external  stimuli  continue  for  a  time  to  circu- 
late in  some  manner  through  the  same  fibres  after  the  stimulus  has 

^H.  Kleint,  1940,  p.  40. 
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ceased  to  operate,  and  to  indicate  the  presence  of  an  external 
object  although  it  no  longer  acts  as  a  stimulus.  This  may  be 
brought  about  by  the  impulses  which  represent  the  total  sensory 
situation  of  a  moment  becoming  associated  with  each  other  and 
mutually  evoking  each  other,  until  this  representation  of  a  given 
object  is  wiped  out  by  some  new  stimulus  indicating  that  a  dif- 
ferent object  now  occupies  the  same  point  in  the  spatial  order. 
(See  3.15  and  3.34  above.)  ^ 

5.39.  It  is  indeed  a  difficult  problem  why  and  in  what  circum- 
stances a  given  set  of  representative  impulses  will  ever  lead  to  the 
expectation  of  a  more. or  less  constant  environment,  or  produce 
the  persistence  of  a  given  picture  of  the  particular  environment  in 
which  the  organism  exists.  The  explanation  probably  is  that,  as 
suggested,  certain  constellations  of  impulses  mutually  support 
each  other,  or  that  by  a  sort  of  circular  process  they  will  tend  to 
re-evoke  themselves  rather  than  a  different  constellation  corres- 
ponding to  a  different  environment.  The  interaction  of  the  chains 
of  associations  attached  to  the  different  impulses  and  groups  of 
impulses  will  effect  some  kind  of  selection  from  the  infinite  range 
of  possibilities  which  the  several  elements  of  the  complex  picture 
would  tend  to  evoke. 

5.40.  Whether  this  actually  is  the  case  or  not,  we  must  certainly 
distinguish  between  two  different  kinds  of  physiological  'memory' 
or  traces  left  behind  by  the  action  of  any  stimulus:  one  is  the 
semi-permanent  change  in  the  structure  of  connexions  or  paths 
which  we  have  already  discussed  and  which  determines  the 
courses  through  which  any  chain  of  impulses  can  run;  the  other 
is  the  pattern  of  active  impulses  proceeding  at  any  moment  as  a 
result  of  the  stimuli  received  in  the  recent  past,  and  perhaps  also 
merely  as  part  of  a  continuous  flow  of  impulses  of  central  origin 
which  never  altogether  ceases  even  if  no  external  stimuli  are 
received. 

5.41.  The  pattern  of  impulses  which  is  traced  at  any  moment 
within  the  given  network  of  semi-permanent  channels  may  be 
regarded  as  a  kind  of  model  of  the  particular  environment  in 
which  the  organism  finds  itself  at  the  moment  and  which  will 

^This  important  point  can  here  only  just  be  touched  upon  since  a  fuller  dis- 
cussion would  require  a  more  detailed  consideration  of  physiological  detail 
than  would  be  appropriate  here.  For  an  important  attempt  at  elaboration  in 
this  direction  see  now  D.  O.  Hebb,  1949. 
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enable  it  to  take  account  of  that  environment  in  all  its  movements. 
This  'model',  which  is  formed  at  any  moment  by  the  active  im- 
pulses, must  not  be  confused  with  what  we  have  called  the  'map', 
the  semi-permanent  connexions  representing  not  the  environment 
of  the  moment  but  the  kind  of  events  which  the  organism  has  met 
during  its  whole  past.  This  distinction  between  what  for  lack  of 
better  terms  we  shall  continue  to  describe  as  the  'map'  and  the 
'model'  respectively,  both  of  which  are  reproductions  of  relations 
between  events  in  the  outside  world,  is  so  important  that  it  re- 
quires some  further  elucidation. 

5.42.  The  semi-permanent  map,  which  is  formed  by  connexions 
capable  of  transmitting  impulses  from  neuron  to  neuron,  is  merely 
an  apparatus  for  classification  or  orientation,  capable  of  being 
called  into  operation  by  any  new  impulse,  but  existing  inde- 
pendently of  the  particular  impulses  proceeding  in  it  at  a  given 
moment.^  It  represents  the  kind  of  world  in  which  the  organism 
has  existed  in  the  past,  or  the  different  kinds  of  stimuli  which  have 
acquired  significance  for  it,  but  it  provides  by  itself  no  information 
about  the  particular  environment  in  which  the  organism  is  placed 
at  the  moment.  It  is  the  apparatus  of  classification  in  what  we  have 
called  its  static  aspect  (2.21)  and  would  continue  to  exist  (if  this 
were  possible)  if  at  any  moment  the  central  nervous  system  were 
completely  at  rest. 

5 .43 .  This  semi-permanent  structure  provides  the  framework  with- 
in which  (or  the  categories  in  terms  of  which)  the  impulses  proceed- 
ing at  any  time  are  evaluated.  It  determines  what  further  impulses 
any  given  constellation  of  impulses  will  set  up,  and  represents  the 
kinds  of  classes  or  'qualities'  which  the  system  can  record,  but  not 
what  particular  events  will  be  recorded  at  any  moment.  This 
structure  itself  in  turn  is  liable  to  change  as  a  result  of  the  impulses 
proceeding  in  it,  but  relatively  to  the  constantly  changing  pattern 
of  impulses  it  can  be  regarded  as  semi-permanent. 

5.44.  Within  this  structural  framework  of  paths  the  flow  of 
impulses  will  at  any  moment  trace  a  further  pattern  which  will 

^This  manner  of  stating  the  difference  is  correct  only  on  the  assumption  that 
the  connexions  involve  structural  changes  and  are  not  merely  'functional',  i.e. 
produced  by  something  like  a  continuous  circuit  of  impulses  (2.47).  If  the 
connexions  should  prove  to  be  based  not  on  structural  changes  but  on  some 
functional  change  of  the  latter  kind,  this  would  probably  not  affect  the  prin- 
ciple of  the  distinction  made  above  but  would  make  the  description  of  the 
mechanism  much  more  difficult. 
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have  significance  only  by  its  position  in  that  structural  framework 
within  which  it  moves.  This  'model'  formed  by  the  moving  im- 
pulses or  by  a  particular  operation  of  the  apparatus  of  classifica- 
tion manifests  the  latter  in  its  dynamic  aspect.  Its  nature  is,  of 
course,  limited  by  the  possibilities  which  the  structural  'map'  pro- 
vides, by  the  connexions  or  channels  which  exist;  but  within  these 
limits  its  character  will  be  determined  by  the  combined  effects  of 
the  active  impulses. 

5.45.  The  response  to  any  newly  arriving  sensory  impulses  will 
thus  depend  not  only  on  the  semi-permanent  map  formed  by  the 
network  of  connexions ;  it  will  also  depend  on  the  pattern  of  the 
impulses  already  proceeding  at  that  movement  within  the  pattern 
of  channels ;  and  it  will  be  the  position  of  the  former  within  the 
latter  pattern  which  will  determine  the  significance  of  the  new 
impulses.  The  complete  apparatus  of  orientation  thus  consists  of 
a  structure  of  which  a  certain  part  will  be  activated,  or  of  a  sort  of 
model  within  a  model  which  has  significance  only  by  its  position 
within  that  model,  and  which  adjusts  the  responses  to  any  new 
stimulus  not  only  to  the  general  significance  which  stimuli  of  that 
sort  will  possess  in  any  circumstances,  but  to  the  particular  signi- 
ficance which  they  will  possess  in  the  situation  existing  at  the 
moment. 

5.46.  This  relationship  between  our  'model'  and  our  'map'  is  the 
same  as  that  which,  in  a  game  of  war  {Kriegspiel)  played  with 
symbolic  figures  on  a  map,  exists  between  the  patterns  traced  on 
the  map  by  the  figures  and  the  map  itself.  Or  we  may  think  of  a 
game  of  Nine  Men's  Morris  where  similarly  the  relative  position 
of  the  men  to  each  other  is  significant  only  with  respect  to  the 
pattern  on  the  board  on  which  the  game  is  played.  To  make  the 
comparison  closer  we  would  have  to  imagine  that  the  'men'  in 
either  instance  are  individually  undistinguishable  from  one 
another  apart  from  their  position  on  the  map  or  the  board,  and 
that  at  any  moment,  in  addition  to  the  men  present  as  the  result  of 
the  preceding  moves,  new  men  may  appear  at  certain  points  and, 
finally,  that  in  moving  the  men  leave  traces  which  gradually  alter 
the  pattern  on  the  map  or  the  board.  The  important  point,  with 
respect  to  which  these  illustrations  correspond  with  our  case,  is 
that  the  pattern  traced  by  the  movement  of  the  men  is  significant 
not  by  its  shape  in  space  but  solely  by  its  relation  to  the  other 
pattern  within  which  those  movements  take  place  (cf.  2.5). 
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5.47.  A  closer  parallel  to  our  case  would  in  some  respects  be 
provided  by  a  system  of  pipes  or  tubes  through  which  move 
columns  of  a  pliable  substance.  If  we  assume  that  at  many  points 
of  interconnexion  these  tubes  are  joined  by  'afferent'  tubes  which 
can  bring  in  from  the  outside  new  columns  of  the  substance,  and 
by  'efferent'  tubes  which  may  drain  such  columns  from  the 
system,  that  at  any  junction  the  columns  may  divide,  and  that  the 
direction  of  the  pressure  of  the  columns  meeting  at  such  junctions^ 
will  decide  in  which  further  direction  they  will  jointly  move  on, 
we  get  an  approximate  representation  of  the  situation  with  which 
we  have  to  deal.  We  might  even  complete  the  picture  by  assuming 
that,  e.g.,  because  the  system  of  tubes  is  bored  into  some  yielding 
material,  pressure  from  adjoining  tubes  may  lead  to  some  new 
channels  being  formed  through  which  the  moving  substance  first 
seeps  and  then  moves  freely.  It  will  then  be  the  pattern  which  the 
moving  columns  trace  within  (and  relative  to)  the  pattern  formed 
by  the  system  of  tubes,  which  will  correspond  to  the  pattern  traced 
by  the  nervous  impulses  within  (and  relative  to)  the  structure  of 
connected  fibres. 

5.48.  The  relation  which  exists  between  our  'model'  and  the 
'map'  may  also  be  compared  in  some  respects  to  the  relation 
existing  between  some  complex  geometrical  structure  and  the 
system  of  co-ordinates  with  reference  to  which  it  can  be  defined. 
The  essential  characteristics  of  the  structure  will  be  described  in 
terms  of  an  equation  which  can  be  interpreted  with  reference  to 
many  possible  systems  of  co-ordinates,  and  the  actual  structure 
will  appear  different  according  as  we  represent  it  within  different 
(say  Cartesian  or  polar)  co-ordinates.  What  is  significant  about  the 
structure  of  our  'model'  is  not  the  actual  relations  in  space  between 
the  impulses,  but  solely  their  relations  to  the  structure  of  con- 
nexions, relations  which  correspond  to  those  expressed  by  the 
equation  by  which  a  given  structure  is  defined  in  analytical 
geometry. 

5.49.  Once  such  a  continuous  reproduction  of  the  environment 
is  maintained  in  the  highest  centres,  it  becomes  the  main  function 

^Any  mechanical  model  of  this  kind  is  misleading  in  suggesting  a  transmission 
of  substance  or  energy, while  in  the  transmission  of  nervous  impulses  we  have, 
of  course,  to  deal  with  a  case  of  'trigger  action'  where  the  connexions  between 
the  neurons  merely  effect  a  release  of  energy  stored  up  in  the  individual 
neuron  (3.8). 
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of  the  sensory  impulses  to  keep  this  apparatus  of  orientation  up  to 
date  and  capable  of  determining  the  responses  to  particular  stimuli 
in  the  light  of  the  whole  situation.  The  classification  of  these  im- 
pulses is  then  no  longer  specific  to  particular  functions,  but  has 
become  general  in  the  sense  that  any  one  of  them  may,  by  its 
position  in  the  comprehensive  pattern,  exercise  some  influence  on 
practically  any  response.  The  classified  impulses  proceeding  at 
any  moment  operate  as  symbols  representing  the  significance  of 
the  stimuli  which  have  evoked  them,  for  any  behaviour  which  a 
newly  arriving  stimulus  will  tend  to  evoke,  or  which  would  be 
determined  by  the  joint  effect  of  the  multiplicity  of  processes  set  in 
train  by  stimuli  recorded  earlier. 

4.    ASSOCIATIVE    PROCESSES 

5.50.  The  pattern  of  nervous  impulses  which  at  any  moment  will 
be  traced  within  the  structure  of  connected  fibres  is,  of  course,  a 
constantly  changing  pattern.  The  representations  of  the  different 
part  of  the  environment  which  the  impulses  produce  will  derive 
their  significance  exclusively  from  the  fact  that  they  tend  to  evoke 
certain  other  impulses.  Each  impulse  representing  an  event  in  the 
environment  will  be  the  starting  point  of  many  chains  of  associa- 
tive processes;  in  these  the  various  further  impulses  set  up  will 
represent  events  which  in  the  past  have  become  connected  for  the 
individual  with  those  which  are  represented  by  the  impulses  which 
evoke  them.  If  each  of  these  several  chains  of  associative  processes 
were  allowed  to  run  its  course,  unaffected  by  other  similar  chains 
which  have  been  set  up  by  other  impulses  (which  were  either  part 
of  the  same  initial  position  or  which  are  produced  by  new  stimuli), 
they  would  tend  to  produce  representations  of  a  variety  of  con- 
sequences which  would  follow  from  the  initial  environment,  rather 
than  present  a  definite  picture  of  that  environment. 

5.51.  The  pattern  of  impulses  formed  within  the  structure  of 
connexions  will  thus  function  as  an  apparatus  of  orientation  by 
representing  both  the  actual  state  of  the  environment  and  the 
changes  to  be  expected  in  that  environment.  This,  of  course,  must 
not  be  understood  to  mean  that  representations  of  several  different 
states  of  affairs  can  exist  simultaneously.  It  means  that  each  part 
and  the  whole  of  the  representation  of  the  existing  environment 
derive  their  significance  from  the  penumbra  of  possible  conse- 
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quences  attaching  to  them:  what  gives  every  element  or  group  of 
elements  of  which  the  total  situation  exists  their  sensory  value  is 
their  following  representing  their  various  potential  effects. 

5.52.  It  is  particularly  important  in  this  connexion  not  to  fall 
back  upon  the  traditional  conception  of  the  individual  impulses  as 
such  corresponding  to  particular  mental  qualities  or  to  conceive  of 
associative  processes  as  simple  chains  of  impulses  where  physio- 
logical elements  correspond  to  mental  units.  The  physiological 
impulse  owes  its  mental  quality  to  its  capacity  of  evoking  other 
impulses,  and  what  produces  the  succession  of  different  mental 
qualities  is  the  same  kind  of  process  as  that  which  determines  the 
position  of  the  impulses  in  the  order  of  mental  qualities:  it  possesses 
such  a  quality  only  because  it  can  evoke  a  great  variety  of  asso- 
ciated impulses.  Association,  in  other  words,  is  not  something 
additional  to  the  appearance  of  mental  qualities,  nor  something 
which  acts  upon  given  qualities ;  it  is  rather  the  factor  which  deter- 
mines the  qualities. 

5.53.  The  mental  qualities  which  succeed  each  other  in  the 
course  of  associative  processes  do  therefore  not  correspond  to  the 
units  between  which  physiological  connexions  exist.  The  sequence 
of  individual  mental  images  (or  reproductions)  is  rather  the  re- 
sultant of  the  interaction  of  a  multiplicity  of  streams  of  impulses, 
and  every  new  mental  quality  which  is  thus  evoked  will  be  the 
effect  of  not  only  of  those  physiological  impulses  preceding  it 
which  have  themselves  been  fully  evalued,  but  also  of  those  which 
have  merely  contributed  to  the  evaluation  of  the  former,  and  of 
others  which  have  not  received  sufficient  support  to  obtain  a  dis- 
tinct following.  Even  the  simplest  succession  of  mental  qualities 
which  appear  directly  to  evoke  each  other  must  probably  be  con- 
ceived as  the  resultant  of  a  complex  process  of  convergence  of 
many  impulses. 

5.54.  We  must  probably  assume  that  in  order  than  an  impulse 
should  be  able  to  produce  its  own  distinctive  following  and  thus 
obtain  a  distinct  place  in  the  qualitative  order  it  will  as  a  rule 
require  the  support  from  other  impulses  whose  followings  closely 
overlap  with  its  own.  But  while  those  to  which  these  applies  will 
occupy,  as  it  were,  the  centre  of  the  stage,  those  which  are  not 
sufficiently  supported  to  produce  their  complete  following  will 
nevertheless  exercise  some  influence  on  the  further  course  of  the 
associative  processes.  Even  though  only  the  concentrated  stream 
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of  impulses  which  forms  the  'foreground'  will  be  fully  evaluated,  its 
effects  will  also  depend  on  the  less  distinct  background. 

5.55.  So  far  as  the  appearance  in  consciousness  of  successive 
images  is  concerned,  of  which  we  think  in  the  first  instance  when 
we  mention  'associations',  this  means,  of  course,  that  what  further 
images  will  be  evoked  by  a  conscious  event  will  depend  not  only 
on  it  but  also  on  much  which  is  not  conscious.  But,  as  we  shall  see 
more  fully  in  the  next  chapter,  the  difference  between  conscious 
and  non-conscious  events  is  a  difference  of  the  same  kind  as  that 
which  appears  on  the  highest  level  as  the  difference  between  more 
or  less  fully  evaluated  events.  In  all  these  instances  the  efTect  which 
on  a  given  level  will  be  produced  by  an  event  occupying  a  distinct 
position  in  the  order  of  that  level  will  depend  not  only  on  itself 
but  also  on  the  substructure  of  less  fully  discriminated  events  on 
which  it  rests  and  which  forms  its  background. 

5.56.  The  different  associations  attaching  to  individual  impulses, 
and  still  more  those  attaching  to  any  one  of  a  group  of  simulta- 
neous impulses,  will  often  not  only  not  be  convergent  but  even 
conflicting;  and  not  all  the  representations  which  will  form  part  of 
the  following  of  the  elements  of  the  complete  situation  will  be 
capable  of  simultaneous  realization,  or  would  produce  a  signifi- 
cant new  pattern  if  they  did.  Since  from  each  element  of  the  struc- 
ture of  connected  fibres  impulses  can  pass  in  a  great  variety  of 
directions,  the  initial  stream  of  impulses  would  merely  diffuse  and 
dissipate  itself  if  the  overlapping  of  the  following  of  the  many 
different  impulses  did  not  determine  a  selection  of  some  among  the 
many  potential  paths  on  which  they  might  travel. 

5.57.  This  selection  will  be  brought  about  by  the  fact  that,  where 
the  followings  of  the  representations  of  the  different  parts  of  the 
environment  overlap,  the  corresponding  impulses  will  reinforce 
each  other  by  summation  (3.13)  and  by  their  joint  effects  evoke 
sequences  of  representations  which  otherwise  would  have  remained 
merely  'potential';  while  in  so  far  as  the  various  elements  set  up 
divergent  or  even  conflicting  (mutually  inhibiting)  tendencies, 
these  flows  of  impulses  will  mutually  neutralize  each  other. 

5.58.  The  representation  or  model  of  the  environment  will  thus 
constantly  tend  to  run  ahead  of  the  actual  situation.  This  repre- 
sentation of  the  possible  results  following  from  the  existing  position 
will,  of  course,  be  constantly  checked  and  corrected  by  the  newly 
arriving  sensory  signals  which  record  the  actual  developments  in 
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the  environment.  The  newly  arriving  impulses,  on  the  other  hand, 
in  turn  will  always  be  evalued  against  the  background  of  the 
expectations  set  up  by  the  previously  existing  pattern  of  impulses. 

5.59.  The  representations  of  the  external  environment  which 
will  guide  behaviour  will  thus  be  not  only  representations  of  the 
actually  existing  environment;  but  also  representations  of  the 
changes  to  be  expected  in  that  environment.  We  must  therefore 
conceive  of  the  model  as  constantly  trying  out  possible  develop- 
ments and  determining  action  in  the  light  of  the  consequences 
which  from  the  representations  of  such  actions  would  appear  to 
follow  from  it. 

5.60.  We  shall  have  further  to  consider  the  character  of  these 
associative  processes  in  the  next  chapter  when  we  consider  con- 
scious thought,  and  again  in  the  last  chapter  when  we  shall  have 
to  examine  the  nature  of  explanation.  At  this  stage  our  concern  is 
merely  to  emphasize  that  processes  essentially  analogous  to  the 
processes  of  association  which  are  familiar  to  us  from  conscious 
thought,  must  be  assumed  to  play  a  similar  role  already  on  pre- 
conscious  levels.  The  processes  of  classification  with  which  we  are 
concerned,  and  which  will  determine  conscious  as  well  as  un- 
conscious responses,  constitute  classifications  of  complex  situations 
by  the  joint  results  to  be  expected  from  the  simultaneous  occur- 
rence of  the  elements ;  and  this  in  turn  involves  the  representation 
of  the  range  of  expected  results  by  a  pattern  of  impulses  essentially 
in  the  same  manner  in  which  the  actual  environment  is  repre- 
sented by  such  a  pattern. 

5.61.  The  representation  of  the  existing  situation  in  fact  cannot 
be  separated  from,  and  has  no  significance  apart  from,  the  repre- 
sentation of  the  consequences  to  which  it  is  likely  to  lead.  Even  on 
a  pre-conscious  level  the  organism  must  live  as  much  in  a  world  of 
expectation  as  in  a  world  of  'fact',  and  most  responses  to  a  given 
stimulus  are  probably  determined  only  via  fairly  complex  pro- 
cesses of  'trying  out'  on  the  model  the  effects  to  be  expected  from 
alternative  courses  of  action.  The  reaction  to  a  stimulus  thus 
frequently  implies  an  anticipation  of  the  consequences  to  be  ex- 
pected from  it.^ 

5.62.  It  is  these  chains  of  symbolic  representations  of  the  con- 
sequences to  be  expected  from  a  given  representation  of  events 
which  we  must  conceive  as  constituting  those  'symbolic  processes 

^Cf.,  R.  Dodge,  1933,  V.  von  Weizsaecker,  1947,  p.  136. 
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in  the  brain'  which  physiological  psychology  has  been  led  to  pos- 
tulate^ in  order  to  account  for  the  complex  adaptive  responses, 
and  to  explain  the  delays  involved  between  stimulus  and  response 
even  on  levels  where  there  is  no  ground  for  assuming  the  presence 
of  consciousness,  or  where  we  know  that  the  responses  take  place 
without  our  being  aware  of  the  stimulus  which  has  evoked  them. 

6.    MECHANICAL    AND    PURPOSIVE    BEHAVIOUR 

5.63.  The  principles  by  which  the  transmission  of  the  individual 
impulses  in  the  central  nervous  system  is  determined  are  of  a  kind 
which  might  well  be  described  as  'mechanical'  in  the  most  general 
meaning  of  the  word;  yet  the  result  of  the  interplay  of  these  trans- 
missions in  the  integrated  nervous  system  will  clearly  show  charac- 
teristics which  are  not  only  very  different  from,  but  in  some 
respects  even  the  opposite  of,  those  which  we  commonly  associate 
with  that  term.  It  will  therefore  be  useful  explicitly  to  enumerate 
the  points  on  which  the  multiple  process  of  classification  will  act  in  a 
manner  different  from  what  we  ordinarily  regard  as  mechanical. 

5.64.  By  a  'mechanism'  or  a  'mechanical  process'  we  usually 
understand  a  complex  of  moving  parts  possessing  a  constant  struc- 
ture which  uniquely  determines  its  operations,  so  that  it  will 
always  respond  in  the  same  manner  to  a  given  external  influence, 
repeat  under  the  same  external  conditions  the  same  movements, 
and  which  is  capable  only  of  a  limited  number  of  operations.  Such 
a  mechanism  cannot  'purposively'  adapt  its  operations  to  produce 
different  results  in  the  same  external  conditions;  and  it  is  essen- 
tially 'passive',  in  the  sense  that  which  of  the  different  operations 
of  which  it  is  capable  it  will  perform  will  depend  exclusively  on 
the  external  circumstances. 

5.65.  In  all  these  respects  the  operation  of  a  system  organized  on 
the  principles  here  described  will  show  opposite  characteristics. 
It  will,  as  a  result  of  its  own  operations,  continuously  change  its 
structure  and  alter  the  range  of  operation  of  which  it  is  capable. 
It  will  scarcely  ever  respond  twice  in  exactly  the  same  manner  to 
the  same  external  conditions.  And  it  will  as  a  result  of 'experience' 
acquire  the  capacity  of  performing  entirely  new  actions.  Its 
actions  will  appear  self-adaptive  and  purposive,  and  it  will  in 
general  be  'active'  in  the  sense  that  what  at  any  given  moment  will 
^Gf.,  G.  T.  Morgan,  1943,  p.  112. 
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determine  the  character  of  its  operation  will  be  the  pre-existing 
state  of  its  internal  processes  as  much  as  the  external  influences 
acting  on  it. 

5.66.  Since  the  structure  of  connexions  in  the  nervous  system 
is  modified  by  every  new  action  Exercised  upon  it  by  the  external 
world,  and  since  the  stimuli  acting  on  it  do  not  operate  by  them- 
selves but  always  in  conjunction  with  the  processes  called  forth 
by  the  pre-existing  excitatory  state,  it  is  obvious  that  the  response 
to  a  given  combination  of  stimuli  on  two  different  occasions  is  not 
likely  to  be  exactly  the  same.  Because  it  is  the  whole  history  of  the 
organism  which  will  determine  its  action,  new  factors  will  contri- 
bute to  this  determination  on  the  later  occasion  which  were  not 
present  on  the  first.  We  shall  find  not  only  that  the  same  set  of 
external  stimuli  will  not  always  produce  the  same  responses,  but 
also  that  altogether  new  responses  will  occur,  if  we  regard  as  one 
response  not  the  movement  of  an  individual  muscle  but  the  whole 
complex  of  co-ordinated  movement  of  the  organism. 

5.67.  The  appearance  of  such  new  forms  of  behaviour  is  the 
effect  of  the  circumstance  already  noted  (4.25,  4.49)  that  the 
individual  motor  impulses  sent  out  by  the  higher  centres  will  be 
signals  not  for  particular  movements  but  for  classes  or  kinds  of 
actions,  and  that  the  particular  movement  that  will  occur  will  be 
determined  by  the  joint  effect  of  many  such  general  'directives'. 
The  signal  for  a  particular  succession  of  movements  of  various 
muscles  may  for  instance  be  modified  by  other  signals  indicating 
that  it  is  to  take  place  fast  and  with  the  avoidance  of  noise,  or 
that  other  types  of  modification  of  the  basic  pattern  are  required. 
Any  one  particular  movement  will  thus  be  determined  by  the 
higher  centres  signalling  the  different  'qualities'  required  from 
the  action,  and  these  different  'qualities'  of  behaviour  will  be 
closely  interwoven  (4.46)  with  the  qualities  ascribed  to  events  in 
the  external  world. 

5.68.  The  adaptive  and  purposive  behaviour  of  the  organism  is 
accounted  for  by  the  existence  of  the  'model'  of  the  environment 
formed  by  the  pattern  of  impulses  in  the  nervous  system.  In  so  far 
as  this  model  represents  situations  which  might  come  about  as  the 
result  of  the  existing  external  situation,  this  means  that  behaviour 
will  be  guided  by  representations  of  the  consequences  to  be 
expected  from  different  kinds  of  behaviour.  If  the  model  can  pre- 
form or  predict  the  effects  of  different  courses  of  action,  and 

K  123 


THE  SENSORY  ORDER 
pre-select  among  the  effects  of  alternative  courses  those  which  in  the 
existing  state  of  the  organism  are 'desirable',  there  is  no  reason  why  it 
should  not  also  be  capable  of  directing  the  organism  towards  the 
particular  course  of  action  which  has  thus  been  'mapped  out'  for  it.^ 

5.69.  In  order  that  the  'desired  result'  should  operate  as  a  cause 
determining  behaviour,  it  must  be  evoked  by,  or  form  part  of  the 
following  of,  the  reproduction  of  the  actual  environment  and  of 
the  governing  state  of  drive  or  urge.  It  must  be  a  representation 
of  the  innumerable  combinations  of  possible  outcomes  of  the 
existing  situation  which  the  convergent  associations  tend  to  evoke 
— associations  which  are  attached  to  the  elements  of  the  repre- 
sentation of  that  environment,  and  which  give  these  representations 
their  significance  or  meaning.  The  'desired'  result  will  be  singled  out 
from  the  many  possible  outcomes  of  the  existing  situation  because 
it  will  form  part  of  the  following  not  only  of  the  environment  but 
also  of  the  'urge'  or  'drive'  for  a  certain  class  of  results.  That 
representation  of  the  results  which  seem  both  possible  in  the 
existing  external  situation  and  'desirable'  in  view  of  the  state  of  the 
organism  will  thus  be  strengthened  by  the  summation  of  two 
different  streams  of  nervous  impulses.  This  result  will  be  repre- 
sented with  greater  strength  and  distinctness  and  will  thereby 
come  to  exercise  the  determining  influence  on  further  behaviour. 

5.70.  Such  a  representation  of  certain  possible  outcomes  of  the 
existing  situation,  which  are  strengthened  because  they  appear 
desirable,  constitute,  however,  only  a  first  step  towards  purposive 
behaviour.  In  most  situations  there  will  exist  many  possible 
courses  of  action  which,  in  the  sense  that  they  have  in  the  past 
become  associated  with  the  achievement  of  that  goal,  will  appear 
to  be  'directed'  towards  a  desirable  goal;  but  only  some  of  these 
courses  of  action  will  be  appropriate  in  the  particular  situation. 
There  will,  in  general,  also  exist  more  than  one  possible  goal  of  the 
desired  kind,  and  more  than  one  way  of  achieving  any  one  goal. 
The  determination  of  purposive  action  involves,  therefore,  a  further 
process  of  selection  among  the  various  different  courses  of  action 
which  might  satisfy  the  initiating  urge. 

5.71.  The  interpretation  of  the  pattern  of  moving  impulses  as  a 
model  of  the  environment,  which  can  try  out  possible  develop- 
ments in  that  environment,  suggests  answers  to  both  these 
problems.  We  shall  first  consider  the  mechanism  by  which  will  be 

^On  this  and  the  following  see  K.  J.  W.  Craik,  1934,  pp.  51  ff. 
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eliminated  inappropriate  moves  which,  though  they  would  pro- 
duce the  desired  result  if  those  features  of  the  environment  which 
evoke  that  response  were  alone  present,  yet  cannot  in  fact  produce 
that  result  because  other  elements  in  the  environment  constitute 
an  obstacle  to  the  completion  of  this  course  of  action. 

5.72.  Such  a  situation  would  have  its  neural  counterpart  in  the 
impulses  representing  different  parts  of  the  environment  tending 
to  set  up  contradictory  or  incompatible  chains  of  associations 
which  will  mutually  blot  each  other  out.  Because  representations 
of  possible  developments  in  the  environment  will  have  significance 
or  meaning  only  as  parts  of  an  ordered  picture  of  that  environ- 
ment, the  various  chains  of  associations  set  up  by  the  elements  of 
the  representation  of  a  complex  situation  will  produce  meaningful 
results  only  if  they  fit  into  the  general  order  of  such  representations. 
The  general  spatial  and  temporal  order  of  that  representation 
will,  e.g.,  require  that  either  one  thing  or  another  must  be  in  a 
given  place,  or  that  a  thing  must  be  either  at  rest  or  in  motion, 
etc.,  etc.  In  so  far  as  the  chains  of  associations,  set  up  by  different 
parts  of  the  representation  of  the  environment,  lead  in  this  sense 
to  conflicting  results,  e.g.,  to  the  representation  of  two  different 
things  as  being  in  the  same  place  at  the  same  moment,  or  of  two 
incompatible  attributes  being  attached  to  a  particular  thing, 
these  tendencies  will  neutralize  each  other:  no  distinct  representa- 
tion will  result  which  could  become  the  starting  point  for  further 
associations.  1 

5.73.  Of  the  many  sequences  of  representations  which  different 
parts  of  the  representation  of  the  existing  environment  tend  to 
evoke,  only  some  will  thus  in  fact  lead  to  representations  of  mean- 
ingful results.  The  mechanism  which  in  this  manner  eliminates 
abortive  courses  of  action  must  also  prevent,  however,  that  at  any 
moment  more  than  one  of  the  possible  alternative  courses  of 
actions  should  be  fully  represented,  although  the  model  might 
successively  try  out  different  courses  of  action.  How  will  it  be 
determined  which  of  the  various  courses  promising  to  produce  a 
desirable  result  will  in  fact  be  selected? 

^Cf.,  K.  J.  W.  Craik,  1943,  p.  57:  'as  a  result  of  such  interactive  or  associative 
processes  we  might  have,  for  example,  A=B,  B=C,  A  =  C,  where  A,  B,  and  C 
are  neural  patterns  claiming  to  represent  external  things  or  processes.  These 
patterns  clearly  cannot  remain  simultaneously  excited;  inconsistency  means  a 
clash  in  the  interaction  patterns'. 
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5.74.  The  first  point  to  be  noticed  is  that  the  desirability  of  one 
particular  result  will  not  be  the  only  factor  of  an  affective  character 
which  will  be  operative  in  such  a  situation.  Most  of  the  different 
courses  of  action  between  which  the  organism  will  have  to  choose, 
and  most  of  the  intermediate  stages  through  which  these  different 
courses  of  action  will  lead  it,  will  also  possess  affective  qualities — 
they  will  themselves  be  either  attractive  or  repellant  in  various 
degrees.  In  particular,  the  representation  of  the  effort  involved  in 
the  different  courses  of  action  will  normally  be  charged  with  the 
representation  of  pain,  or  operate  as  something  to  be  avoided, 
unless  compensated  for  by  the  greater  attraction  of  the  result.  The 
interaction  of  all  these  forces  in  the  end  will  bring  it  about  that 
from  the  possible  courses  the  'path  of  least  resistance'  will  be 
chosen;  while  all  the  unduly  painful  courses  will  be  avoided  which 
might  produce  the  same  result,  as  well  as  courses  leading  to 
alternative  results  but  requiring  greater  effort. 

5.75.  That  such  guidance  by  a  model  which  reproduces,  and 
experimentally  tries  out,  the  possibilities  offered  by  a  given  situa- 
tion, can  produce  action  which  is  purposive  to  any  desired  degree, 
is  shown  by  the  fact  that  machines  could  be  produced  on 
this  principle  (and  that  some,  such  as  the  predictor  for  anti- 
aircraft guns,  or  the  automatic  pilots  for  aircraft,  have  actually 
been  produced)  which  show  all  the  characteristics  of  purposive 
behaviour.^  Such  machines,  however,  are  still  comparatively 
primitive  and  restricted  in  the  range  of  their  operations  compared 
with  the  central  nervous  system.  They  would  be  able  to  take 
account  of  only  a  minute  fraction  of  the  number  of  different  facts 
of  which  the  central  nervous  system  takes  account,  and  they 
would  lack  the  capacity  of  learning  from  experience.  But  although 
for  this  reason  such  machines  cannot  yet  be  described  as  brains,  ^ 
with  regard  to  purposiveness  they  differ  from  a  brain  merely  in 
degree  and  not  in  kind.^ 

5.76.  It  is  notoriously  difficult  to  discuss  purposive  behaviour 
without  employing  terms  which  suggest  the  presence  of  conscious 
mental  states.  The  phenomenon  of  purposive  action,  however, 
does  not  presuppose  the  existence  of  an  elaborate  mental  order 

^See  also  W.  G.  Walter,  1950. 

*G.  Sherrington,  1949. 

^K.  J.  W.  Craik,  1943,  p.  51.  See  also  N.  Wiener,  1948a  and  1948b  and  W.  S. 

McCulloch,  1948. 
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like  the  one  which  we  know  from  conscious  experience,  and  still 
less  the  presence  of  consciousness  itself.  Some  degree  of  purposive- 
ness  can  be  attained  by  structures  infinitely  more  simple  than 
those  which  constitute  the  mental  order,  and  once  we  have 
reached  the  degree  of  complexity  in  the  ordering  of  stimuli  and 
responses  characteristic  of  the  latter,  it  does  not  present  a  new  or 
separate  problem. 

7.    THE    MODEL-OBJECT    RELATIONSHIP 

5.77.  It  will  be  useful  further  to  elucidate  the  character  of  the 
relationship  between  the  'model'  and  its  object,  and  to  illustrate 
the  possibilities  of  'reproducing'  certain  features  of  a  complex 
structure  within  certain  parts  of  the  same  structure,  by  construct- 
ing an  imaginary  and  greatly  simplified  model  of  the  model- 
object  relationship  itself.  To  be  quite  satisfactory  for  our  purposes 
this  super-model  should  be  conceived  in  strictly  physical  terms, 
that  is,  it  should  be  built  up  from  elements  whose  properties  are 
all  defined  in  terms  of  explicit  relations  to  the  other  elements  of  the 
system,  and  which  possessed  no  phenomenal  or  sensory  properties 
whatever.  But  as  such  a  purely  abstract  model  would  give  little 
help  to  the  imagination,  it  will  be  necessary  to  resort  in  some 
measure  to  visual  imagery. 

5.78.  While  using  the  conception  of  a  model  for  this  purpose,  we 
must,  of  course,  avoid  the  suggestion,  originally  connected  with 
the  word  model,  that  it  must  be  the  creation  of  a  thinking  mind. 
Since  the  purpose  of  introducing  the  conception  is  to  show  how  the 
human  mind  itself  may  in  a  certain  sense  be  conceived  as  a  model 
of  the  macrocosm  within  which  it  exists,  there  must  be  no  such 
three  terms  as  object,  model,  and  the  modeller.  Our  task  is  rather 
to  show  in  what  sense  it  is  possible  that  within  parts  of  the  macro- 
cosm a  microcosm  may  be  formed  which  reproduces  certain  aspects 
of  the  macrocosm  and  through  this  will  enable  the  substructure  of 
which  it  forms  part  to  behave  in  a  manner  which  will  assist  its 
continued  existence. 

5.79.  We  shall  conceive  for  this  purpose  of  a  self-contained 
system  or  universe  consisting  of  a  cloud  of  particles  which  indi- 
vidually differ  from  each  other  solely  by  the  different  effect 
which  in  different  combinations  or  constellations  they  will  exer- 
cise upon  each  other.  With  regard  to  this  universe  we  shall  assume 
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that  we  possess  the  capacity  of  the  Laplacean  'demon'  of  knowing 
of  every  particle  all  its  relations  to  other  particles,  and  therefore 
of  being  able  to  identify  each  individual  particle  by  the  different 
effects  it  will  have  in  all  conceivable  circumstances.  Particles  of 
the  same  kind  would  mean  particles  which  in  all  conceivable 
circumstances  could  be  substituted  for  one  another  without  there- 
by altering  the  course  of  events. 

5.80.  Strictly  speaking  we  ought,  of  course,  not  even  conceive  of 
what  we  have  described  as  a  'cloud'  of  particles  as  being  arranged 
in  perceptual  space,  but  should  describe  the  relations  of  these 
particles  to  each  other  in  terms  of  their  acting  upon  each  other  in 
particular  ways.  But  since  we  must  resort  to  representation  in 
perceptual  terms,  we  cannot  dispense  with  the  familiar  spatial 
order,  and  for  the  purposes  of  visualizing  the  order  of  our  universe 
it  will  even  be  useful  to  imagine  that  the  individual  particles 
possess  perceptible  identifying  marks,  such  as  different  colours, 
indicating  the  class  to  which  they  belong. 

5.81 .  Among  the  different  properties  which  the  different  kinds  of 
particles  will  possess,  one  of  the  most  important  will  be  their  dif- 
ferent capacities  of  combining  with  other  particles  of  the  same  or 
of  different  kinds  into  more  or  less  stable  structures,  which,  as 
structures,  will  show  their  own  peculiar  relations  to  other  particles 
or  structures  of  particles.  By  stability  of  such  structures  we  mean 
the  probability  of  their  persistence  in  the  face  of  the  action  upon 
them  by  the  environment.  All  the  possible  structures  which 
groups  of  particles  may  form  within  our  universe  will  in  this  sense 
require  for  their  persistence  certain  environmental  conditions, 
which  in  the  case  of  some  kinds  of  such  structures  may  almost 
always  be  satisfied,  while  for  others  they  may  be  of  rare  occur- 
rence. On  the  whole,  the  more  complex  the  structure,  the  greater 
will  be  the  number  of  external  influences  capable  of  destroying  it, 
and  the  more  special  the  circumstances  required  for  its  continued 
existence. 

5.82.  Some  such  structures  may  persist,  not  because  their  co- 
herence resists  most  external  circumstances,  but  because  they  will 
move  away  from  such  agents  before  they  are  destroyed.  In  the 
familiar  world  a  drop  of  mercury  is  likely  to  preserve  its  cohesion 
because  it  is  apt  to  'get  out  of  the  way'  of  any  mass  which  might 
squash  it,  and  a  leaf  avoids  being  torn  to  shreds  by  a  high  wind  by 
taking  up  a  position  of  least  resistance.  There  is,  of  course,  nothing 
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'teleological'  in  these  movements  which  assist  the  persistence  of 
such  structures;  but  the  cause  which  would  destroy  them  if  it 
acted  in  its  full  force  or  for  any  length  of  time  at  the  same  time 
removes  them  from  its  influence. 

5.83.  In  general,  if  the  conditions  required  for  the  persistence  of 
any  more  complex  structure  are  not  likely  always  to  prevail  at  the 
place  where  it  happens  to  be,  it  will  continue  to  exist  only  if  (and 
we  shall  encounter  such  substructures,  except  as  temporary 
phenomena,  only  in  so  far  as)  they  can  respond  appropriately  to 
certain  events,  and  even  in  some  measure  anticipate  their  occur- 
rence, i.e.  perform  the  appropriate  response  as  soon  as  certain 
other  events  occur  which  indicate  the  imminence  of  the  harmful 
one.  It  is  conceivable,  though  not  very  Hkely,  that  such  structures 
may  persist  because  they  just  happen  thus  to  respond  to  all  or 
most  of  the  events  which  usually  precede  those  which  would 
destroy  them. 

5.84.  The  chance  of  persistence  of  any  given  structure  will 
evidently  be  increased  if  it  not  only  happens  to  respond  appro- 
priately to  harmful  or  beneficial  influences  and  to  some  symptoms 
of  such  factors,  but  if  it  also  possesses  the  capacity  of  retaining  a 
'memory'  of  the  connexions  between  events  which  frequently 
precede  such  influences  and  these  influences  themselves,  and 
thereby  becomes  capable  of  'learning'  to  perform  the  appropriate 
response  whenever  those  signals  appear.  Relative  complex  struc- 
tures which,  without  this  capacity  could  not  exist  long,  may 
through  it  acquire  a  considerable  degree  of  stability. 

5.85.  Correct  anticipation  of  future  events  in  the  environment 
can  rarely  be  based  on  a  single  present  event  but  will  as  a  rule 
have  to  take  into  account  a  combination  of  many  present  events. 
It  involves  thus  different  responses  not  only  to  different  individual 
events  but  also  to  different  combinations  of  such  events  according 
as  they  are  likely  to  produce  one  result  or  another.  Any  mechan- 
ism which  makes  the  structure  respond  to  different  combinations 
of  external  events  according  to  the  different  further  events  they 
are  Hkely  to  produce,  implies  that  there  exists  inside  the  struc- 
ture a  system  of  relationships  between  events  caused  by  the  exter- 
nal circumstances  which  is  in  some  measure  structurally  equiva- 
lent to  the  system  of  relationships  which  exists  between  those 
external  events.  Such  an  internal  structure  which  reproduces  some 
of  the  relations  between  the  outside  events  we  have  called  a  model. 
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5.86.  It  is  conceivable  that  a  structure  endowed  with  the  capacity 
of  retaining  experienced  connexions  might  learn  separately  the 
appropriate  responses  to  most  of  the  possible  combinations  of 
events.  But  if  it  had  to  cope  with  the  complexity  of  its  environment 
solely  by  classifying  individual  events  and  learning  separately  for 
every  combination  of  such  events  how  to  respond,  both  the  com- 
plexity of  the  model  required  and  the  time  needed  for  building  it 
up  would  be  so  great  that  the  extent  to  which  any  given  structure 
could  learn  to  adapt  itself  to  varying  circumstances  would  be  very 
limited. 

5.87.  It  is  in  this  connexion  that  the  various  processes  of  multiple 
classification  which  we  have  described,  and  the  phenomena  of 
'transfer'  and  'generalization'  which  they  make  possible,  greatly 
extend  the  predicting  capacity  of  any  models  that  can  be  formed 
from  a  limited  number  of  elements.  Whenever  the  classifying 
mechanism  treats  as  alike,  or  as  alike  in  certain  circumstances,  any 
group  of  events,  it  will  be  able  to  transfer  any  experience  with  any 
one  of  them  to  all  of  them.  The  process  of  learning  is  thereby 
greatly  abbreviated  and  the  complexity  of  the  apparatus  required 
to  cope  with  a  given  variety  of  situations  is  greatly  reduced. 

5.88.  If,  for  instance,  the  combinations  of  any  one  of  the  events 
(a  1,  fl  25  ^  33  •  •  •  ^k)  with  any  one  of  the  group  of  events  {b  i,  b^,  b  3, 
.  .  .  b^)  and  any  one  of  the  group  of  events  {c-^,  c^,  c^,  .  .  .  cj  pro- 
duce X,  there  will  be  k-m-n  (or  if^  k=m=n  =  10,  one  thousand) 
possible  different  combinations  of  events  for  each  of  which  it 
would  have  to  be  learnt  separately  that  they  produce  X.  But  once 
it  has  already  been  learnt  that  in  all  other  respects  all  members  of 
class  A  (i.e.,  a^^,  a2,  a^,  .  .  .  a^  are  equivalent,  and  the  symbol  0 
substituted  for  them,  and  similarly  for  all  members  of  the  class  B 
the  symbol  p,  and  for  all  members  of  the  class  C  the  symbol  q,  then 
the  experience  that  0  -\-p  +q  produces  X  will  be  sufficient  to  predict 
the  outcome  of  the  m.n.k  different  combinations  of  individual 
events. 

5.89.  It  is  thus  the  process  of  multiple  classification  which  builds 
the  model.  What  we  have  before  called  the  'map',  the  semi- 
permanent apparatus  of  classification,  provides  the  different 
generic  elements  from  which  the  models  of  particular  situations 
are  built.  The  term  'map',  which  suggests  a  sort  of  schematic 
picture  of  the  environment  is  thus  really  somewhat  misleading. 
What  the  apparatus  of  classification  provides  is  more  a  sort  of 
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inventory  of  the  kind  of  things  of  which  the  world  is  built  up,  a 
theory  of  how  the  world  works  rather  than  a  picture  of  it.  It 
would  be  better  described  as  a  construction  set  which  supplies  the 
parts  from  which  the  models  of  particular  situations  can  be  built. 

5.90.  The  model-building  by  such  an  apparatus  of  classification 
simplifies  the  task  and  extends  the  scope  of  successful  adaptation 
in  two  ways:  it  selects  some  elements  from  a  complex  environment 
as  relevant  for  the  prediction  of  events  which  are  important  for 
the  persistence  of  the  structure,  and  it  treats  them  as  instances  of 
classes  of  events.  But  while  in  this  way  a  model  building  apparatus 
(and  particularly  one  which  can  be  constantly  improved  by  learn- 
ing) is  of  much  greater  efficiency  than  could  be  any  more  mechani- 
cal apparatus  which  contained,  as  it  were,  a  few  fijced  models  of 
typical  situations,  there  will  clearly  still  exist  definite  limits  to  the 
extent  to  which  such  a  microcosm  can  contain  an  adequate  re- 
production of  the  significant  factors  in  the  macrocosm. 

5.91.  It  is,  from  this  angle,  no  more  than  a  fortunate  accident  that 
the  different  events  in  the  macrocosm  are  not  all  fully  interdepen- 
dent to  any  significant  degree,  but  that  as  a  rule  it  is  possible  to 
base  predictions  of  certain  kinds  of  events  on  a  mere  selection  from 
the  totality  of  all  events.  If  it  were  not  possible  for  practical  pur- 
poses to  isolate  quasi-self-contained  substructures,  containing  no 
more  parts  which  significantly  affect  the  relevant  result  than  can 
be  reproduced,  or  matched  point  by  point,  by  'representative' 
elements  within  our  organism,  prediction  and  purposive  adapta- 
tion would  be  impossible.  But  while  it  seems  that  the  complexity 
of  the  relations  which  must  be  taken  into  account  for  most  pur- 
poses are  sufficiently  limited  to  make  it  possible  for  some  struc- 
tures to  'contain'  adequate  reproductions  of  them,  this  can  evi- 
dently not  be  universally  true.  We  shall  have  to  concern  ourselves 
in  the  last  chapter  with  the  significance  of  the  fact  that  any  co- 
herent structure  of  this  kind  which  within  itself  contains  a  model 
guiding  its  actions,  must  be  of  a  degree  of  complexity  greater  than 
that  of  any  model  that  it  can  contain,  and  therefore  than  that  of 
any  object  it  can  reproduce. 
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CHAPTER  VI 

CONSCIOUSNESS    AND    CONCEPTUAL 
THOUGHT 

I.    CONSCIOUS    AND    UNCONSCIOUS    MENTAL    PROCESSES 

6.1.  We  have  used  the  term  'mental'  to  describe  all  processes 
which  involve  a  classification  of  events  in  terms  of  a  qualitative 
order,  similar  to  that  which  we  know  from  our  subjective  sensory 
experience,  and  differing  from  the  physical  order  of  these  events. 
The  sphere  of  'mental  phenomena'  in  this  sense  is  far  more  exten- 
sive than  that  of  conscious  phenomena  and  includes  many  events 
which  are  undoubtedly  not  conscious.  This  definition  of  the  mental 
raises  the  problem  of  the  determination  of  this  mental  order  in  a 
form  in  which  it  would  also  arise  from  a  consistently  pursued 
behaviourist  approach.  We  know  that  an  order  which  is  at  least 
similar  to  that  which  we  know  from  our  conscious  experience 
manifests  itself  not  only  in  the  behaviour  of  lower  animals,  with 
regard  to  whom  we  have  no  ground  for  assuming  that  the  events  so 
ordered  are  accompanied  by  anything  which  could  be  described  as 
conscious  experience,  but  also  in  many  responses  of  our  own  body 
where  we  know  that  the  initiating  stimuli  do  not  give  rise  to  any 
conscious  experience. 

6.2.  Up  to  this  point  we  have  only  incidentally  referred  to  the 
conscious  character  which  distinguishes  some  of  those  mental 
events,  and  have  concentrated  on  the  general  character  of  the 
qualitative  order  of  all  mental  events,  whether  they  are  conscious 
or  not.  What  has  already  been  said  on  this  point  should  justify  such 
a  use  of  the  term  'mental'  as  including  both  unconscious  and  con- 
scious events,  even  though  in  the  past  such  a  use  of  the  term  has 
been  often  explicitly  condemned  by  psychologists  (1.73).  We  must 
now,  however,  attempt  at  least  some  indication  of  the  additional 
characteristics  or  attributes  which  distinguish  conscious  from  un- 
conscious mental  events. 
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6.3.  While  all  qualitative  discriminations  thus  imply  the  presence 
of  a  mental  order  in  the  sense  in  which  we  have  used  this  term,  it 
does  not  necessarily  involve  that  the  individual  is  'conscious'  or 
'aware'  of  these  processes.  Consciousness,  in  the  sense  in  which  this 
term  is  synonymous  with  awareness,^  is  an  attribute  which  attaches 
only  to  some  but  not  to  all  mental  events.  But  although  we  all 
know  what  we  mean  when  we  say  that  we  are  'conscious'  or 
'aware'  of  certain  experiences,  it  is  exceedingly  difficult  to  state 
precisely  of  what  the  peculiar  attribute  of  such  conscious  mental 
events  consists. 

6.4.  It  may  be  that  it  is  impossible  to  give  a  satisfactory  definition 
of  what  consciousness  'is',  or  rather  that  this  is  a  phantom-problem 
of  the  same  kind  as  the  'problem'  of  the  'absolute'  character  of  the 
sensory  qualities.  We  shall  endeavour  to  avoid  this  difficulty  by 
not  asking  what  consciousness  'is'  but  by  merely  inquiring  what 
consciousness  does.  In  other  words,  we  shall  be  concerned  solely 
with  the  differences  which  exist  between  behaviour  which  we 
know  to  result  from  conscious  mental  processes  and  behaviour 
produced  by  unconscious  mental  processes.  Before  examining  this 
question  in  any  detail,  three  propositions  may  be  stated  which 
will  probably  command  fairly  general  assent. 

6.5.  It  seems  clear,  in  the  first  instance,  that,  although  the  dis- 
tinction between  conscious  and  non-conscious  processes  refers 
originally  to  different  kinds  of  processes  occurring  in  ourselves,  we 
also  employ  it  to  describe  the  differences  which  we  observe  in  the 
behaviour  of  other  people.  We  know  from  our  subjective  experi- 
ence that  there  are  differences  between  those  actions  of  our  body 
which  we  'deliberately'  control  and  those  which  take  place 
without  our  control,  and  we  use  this  knowledge  to  distinguish 
similarly  between  correspondingly  different  actions  of  other 
people.  Although  we  possess  no  certain  criterion  on  which  we  can 
base  this  distinction,  we  are  sufficiently  familiar  with  the  two  kinds 

y.  G.  Miller,  1942,  p.  43,  treats  'awareness  of  discrimination'  as  a  definition  of 
consciousness  (or  rather,  unawareness  of  discrimination  as  a  definition  of  un- 
consciousness). It  is  the  last  of  sixteen  definitions  of  consciousness  which  he  lists, 
and  he  describes  it  as  'the  golden  meaning  of  the  word  for  those  who  admit  the 
validity  of  introspective  testimony,'  and  later  (p.  294)  as  'the  fundamental 
meaning  of  conscious'  to  most  behaviourists.  But  while  this  distinguishes  this 
meaning  from  others,  it  hardly  defines  the  concept,  since  'aware'  seems  merely 
a  synonym  for  'conscious'  in  this  sense. 
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of  actions  to  be  able  to  attribute  consciousness  with  fair  assurance 
to  persons  whom  we  observe  acting  in  certain  ways. 

6.6.  There  can,  secondly,  be  little  question,  although  in  extreme 
instances  the  difference  between  conscious  and  unconscious  mental 
events  appears  to  be  so  complete  as  to  make  the  difference  appear 
to  be  one  of  kind,  that  there  exist  many  forms  intermediate 
between  fully  conscious  and  fully  unconscious  mental  events 
which  make  this  difference  one  of  degree.  Consciousness  is  evi- 
dently capable  of  many  different  degrees  of  intensity,  and  between 
the  clearly  conscious  and  the  clearly  unconscious  states  there  exist 
many  forms  of  semiconscious  events  with  regard  to  which  it  is 
difficult  to  decide  whether  they  ought  to  be  described  as  conscious 
or  not.^ 

6.7.  Thirdly,  it  will  probably  be  readily  conceded  that  all  con- 
scious events  possess  in  the  highest  degree  the  attributes  charac- 
teristic of  all  mental  processes:  conscious  responses  are  to  an 
especially  high  degree  modifiable  and  purposive,  different  con- 
scious events  are  very  closely  related  to  each  other  and  very  fully 
discriminated  from  each  other;  furthermore,  this  discrimination 
is  even  less  'specific'  and  more  'general',  in  the  sense  in  which  we 
have  used  these  terms  (5.36,  5.49)  than  is  true  of  other  mental 
phenomena;  and  they  are  even  more  likely  to  produce  completely 
new  complexes  of  behaviour  than  is  true  of  unconscious  mental 
processes. 

2.    CRITERIA    OF    CONSCIOUSNESS 

6.8.  What,  then,  are  those  special  attributes  of  conscious  be- 
haviour by  which  we  distinguish  it  from  behaviour  which  also 
appears  to  be  co-ordinated  and  purposive  but  of  which  the  acting 
person  is  not  'aware'?  Such  unconscious  behaviour  may  occur 
either  because  the  person's  attention  is  at  the  particular  moment 
otherwise  engaged,  or  because  he  is  altogether  unconscious  as  is 
the  case  in  some  somnambulic  states  and  hypnotic  trances.  There 
appear  to  exist  three  prima  facie  differences  between  such  un- 
conscious and  conscious  behaviour  which  we  may  provisionally 
describe  by  saying  that  in  conscious  behaviour  a  person  will, 
{a)  be  able  to  'give  an  account'  of  what  he  is  or  has  been  doing, 
{b)  be  able  'to  take  account'  in  his  actions  of  other  simultaneous 

^J.  G.  Miller,  1942,  p.  166. 
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experiences  of  which  he  is  also  conscious,  and,  {c)  be  guided  to  a 
large  extent  not  only  by  his  current  perceptions  but  also  by  images 
and  reproduction  of  circumstances  which  might  be  evoked  by  the 
existing  situation. 

6.9.  When  we  say  that  a  person  is  able  to  'give  an  account'  of  his 
mental  processes  we  mean  by  this  that  he  is  able  to  communicate 
them  to  other  people  by  means  of  'symbols',  that  is  by  actions 
which,  when  perceived  by  other  people,  will  occupy  in  their 
mental  order  a  position  analogous  to  that  which  they  occupy  in 
his  own;  and  which,  in  consequence,  will  have  for  those  other 
persons  a  meaning  similar  to  that  which  it  possesses  for  him. 

6.10.  The  possibility  of  such  communication  between  different 
persons  is  not  only  indicative  of  the  presence  of  consciousness  but 
the  symbohsms  employed  for  that  purpose  may  also  be  an  important 
factor  which  helps  to  raise  the  discrimination  to  that  higher 
degree  of  clarity  and  precision  which  distinguishes  conscious 
experience.  The  connexions  bet\veen  sensory  impulses  and  the 
highly  developed  apparatus  of  expression  which  man  possesses 
undoubtedly  greatly  extend  the  means  of  classification  available 
to  him,  and  they  are  probably  of  the  greatest  importance  in 
making  abstract  thought  possible.  They  are  also  especially  impor- 
tant because,  in  learning  the  system  of  symbols  developed  by  his 
race,  the  individual  can  utilize,  in  ordering  his  current  experience, 
not  only  his  own  experience  but  in  some  measure  also  the  ex- 
perience of  his  race. 

6.1 1.  But  although  communication  (or  at  least  communication 
by  language  proper,  as  distinguished  from  communication  by 
gestures,  facial  expression,  etc.)  will  as  a  rule  be  the  result  of 
conscious  processes  and  'give  an  account'  of  such  processes,  this 
means  no  more  than  that  communication,  being  normally  itself 
conscious  action,  is  connected  with  (or  can  be  influenced  by)  all 
other  conscious  processes.  As  a  criterion  of  consciousness  the  pos- 
sibility of  'giving  an  account'  of  conscious  processes  is  therefore  no 
more  than  a  special  instance  of  the  second  of  the  three  criteria 
mentioned  before,  namely,  of  the  fact  that  in  conscious  action  ^ve 
can  'take  account'  of  all  other  processes  which  are  also  conscious. 

6.12.  The  same  appUes  to  another  supposed  criterium  of  con- 
sciousness which  is  often  mentioned  but  to  which  we  have  not  yet 
referred,  namely,  to  the  fact  that  conscious  experience  can  be 
remembered  and  will  be  recognized  as  already  experienced  before 
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when  they  occur  again.  'Memory'  or  'recognition'  means  here  no 
more  than  the  reappearance  in  consciousness,  in  combination 
with  circumstances  with  which  it  has  become  associated,  of  what 
has  been  consciously  experienced  before.  This  is  not  a  helpful 
criterium,  if  for  no  other  reason  so  because  it  seems  to  be  the  case 
that  we  can  sometimes  in  this  manner  'remember'  sense  experi- 
ences of  which  we  were  not  aware  at  the  time  when  they  first 
occurred.  Moreover,  memory  in  the  general  sense  of  learning 
clearly  occurs  also  on  pre-conscious  levels.^  With  regard  to  con- 
scious events  the  possibility  of  remembering  or  recognizing  them 
thus  means  no  more  than  that  events  which  have  occurred  within 
the  sphere  of  consciousness  may  do  so  again,  but  it  tells  us  nothing 
about  how  conscious  phenomena  differ  from  non-conscious  ones. 
All  that  it  suggests  is  that  in  some  sense  all  conscious  phenomena 
belong  to  a  common  sphere,  so  that  any  conscious  experience  may 
appear  in  the  company  of  any  other  . 

6.13.  The  possibility  of  'giving  an  account  of  and  of  'remem- 
bering' conscious  events  therefore  merely  leads  us  to  that  specially 
close  connexion  between  all  events  which  are  at  the  same  time 
conscious  which  before  we  have  described  by  saying  that  in  con- 
scious processes  a  person  will  be  able  to  'take  account'  of  other 
events  which  are  conscious  at  the  same  time. 

6.14.  This  close  connexion  between  all  conscious  events,  often 
described  as  the  'unity  of  the  consciousness',  can  be  regarded  as  a 
distinguishing  attribute  of  conscious  events,  since  the  same  does 
not  seem  to  apply  to  unconscious  mental  events.  While  such  un- 
conscious mental  processes  which  occur  at  the  same  time  may  also 
affect  each  other,  this  is  not  necessarily  always  the  case.  Even 
when  they  take  place  at  the  same  time,  they  may  proceed  largely 
independently  of  each  other  (possibly  in  different  subcentres)  and 
without  affecting  each  other's  course.  In  other  words,  there  is 
more  than  one  'unconsciousness'  (or  coherent  system  of  uncon- 
scious mental  events)  while  there  exists  (normally)  in  any  indivi- 
dual only  one  consciousness. 

6.15.  Another  familiar  fact  which  is  connected  with  this  'unity 
of  the  consciousness'  may  be  mentioned  here.  This  is  the  so-called 
'narrowness  of  the  consciousness',  or  the  fact  that,  at  any  one  time, 
only  a  limited  range  of  experience  can  be  fully  conscious.  Though 
the  focus  of  consciousness  may  rapidly  shift  from  one  object  to 

^See  above  (5. 10-5. 12)  and  J.  G.  Miller,  1940. 
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another,  this  often  seems  to  mean  that  processes  which  have  been 
fully  conscious  may  temporarily  recede  into  a  semiconscious  or 
subconscious  condition  and  persist  there,  ready  to  spring  again 
into  full  consciousness  at  any  moment. 

3.    THE    COMMON   SPACE-TIME   FRAMEWORK 

6.16.  The  'unity  of  consciousness'  means,  above  all,  that  con- 
scious events  occupy  a  definite  position  in  the  same  spatial  and 
temporal  order,  that  they  are  'dated'  and  'placed'  in  relation  to 
other  conscious  events,  and  that  all  sensory  and  affective  events 
which  'enter  consciousness',  together  with  the  reproductions  or 
images  of  such  experiences,  belong  to  the  same  order  or  universe. 
This  means  that  within  the  range  of  conscious  events  the  'gener- 
ahty'  (as  distinguished  from  the  'specificity',  see  5.34  and  5.49)  of 
their  classification  or  evaluation  has  reached  the  highest  degree: 
they  are  discriminated  not  only  with  respect  to  particular  responses 
but  with  respect  to  all  responses  guided  by  conscious  processes. 
This  comprehensiveness  of  the  system  of  relationships  which  con- 
nect and  order  all  conscious  events  with  respect  to  each  other  is 
probably  the  most  characteristic  attribute  of  these  events. 

6.17.  This  highest  degree  of  comprehensiveness  of  the  order  of 
the  system  of  relations  prevaiHng  on  the  conscious  level  does  not 
necessarily  mean  that  all  the  stimuU  recorded  by  impulses  pro- 
ceeding at  a  lower  level  must  also  be  capable  of  obtaining  a  dis- 
tinct position  at  that  higher  level  (4.53)  or  even  that  the  number  of 
different  impulses  which  may  be  connected  at  that  highest  level 
must  necessarily  be  larger  than  that  of  those  which  can  possess 
connexions  at  some  lower  level.  The  comprehensiveness  of  which 
we  speak  is  rather  that  of  the  top  level  of  a  hierarchic  order  at 
which  all  the  elements  belonging  to  that  level  are  interconnected, 
while  many  elements  belonging  to  lo\ver  levels  may  be  connected 
with  many  other  elements  of  the  same  level  only  via  that  higher 
level.  It  may  be  because  all  classes  of  impulses  at  this  highest  level 
form  a  common  order,  rather  than  because  symbohc  representa- 
tions of  all  individual  stimuH  can  reach  this  highest  level,  that  it 
possesses  this  specially  comprehensive  character  which  distinguishes 
the  system  of  relations  on  this  level. 

6.18.  The  existence  of  a  common  spatio-temporal  framework,  in 
which  all  the  events  which  occur  at  that  level  are  given  a  definite 
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place,  means  that  all  reproductions  or  images  of  past  or  possible 
events  will  there  be  related  to  the  experiences  which  are  'here'  and 
'now',  and  that  this  universal  relatedness  of  all  events  to  this 
common  point  of  reference  constitutes  them  into  a  continuum,  the 
'I'.  The  ever-presence  of  this  common  framework  so  long  as  con- 
sciousness is  awake  presupposes  the  continuous  existence  of  certain 
representations  of  a  most  abstract  kind:  of  a  skeleton  outline  of  the 
(spatial  and  temporal)  surroundings  within  which  we  place  the 
picture  of  the  particular  objects  of  which  we  are  consciously  aware 
or  which  we  consciously  imagine. 

6.19.  The  continuous  presence,  while  consciousness  lasts,  of 
these  mental  contents  of  a  most  abstract  character,  representing 
the  spatial  and  temporal  structure  of  the  environment,  is  not 
always  recognized.  This  is  probably  due  to  the  preconception  that 
concrete  perceptions  always  precede  the  more  abstract  mental 
contents.  There  can  be  little  doubt,  however,  that  the  distinct  con- 
scious picture  of  particular  phenomena  is  always  embedded  in, 
or  surrounded  by,  a  semiconscious  and  more  shadowy  outline 
of  the  rest  of  the  surroundings,  which  is  co-present  with,  although 
much  less  distinct  and  detailed  than,  the  conscious  picture  itself. 

6.20.  Of  this  co-presence  of  subconscious  representations  of  the 
environment  with  the  conscious  representations  of  those  parts  of 
which  we  are  clearly  aware,  we  can  easily  convince  ourselves  if  we 
remember  the  common  experience  of  suddenly  feeling  to  'have  the 
ground  withdrawn  under  our  feet'  if  something  presupposed  by 
the  conscious  picture  proves  to  be  missing.  If,  e.g.,  after  our  con- 
scious sensations  were  interpreted  on  the  assumption  that  we  were 
in  an  enclosed  room,  we  discover  that  the  walls  behind  us  are 
missing,  or  when,  walking  on  what  seemed  to  be  level  ground,  we 
suddenly  come  to  a  precipice,  this  alters  our  view  even  of  those 
things  of  which  we  were  fully  aware  before.  In  all  such  instances 
the  subconsciously  presupposed  background  of  our  experience  is 
discovered  to  be  missing,  and  the  firm  'placing'  of  the  consciously 
experienced  events  in  a  subconsciously  presupposed  framework  is 
upset.  The  result  is  usually  a  characteristic  feeling  of  dizziness  and 
of  disturbed  orientation. 

6.21.  Conscious  experience  thus  rests  on  a  much  more  extensive 
basis  of  less  fully  conscious  or  subconscious  images  of  the  rest  of 
the  surroundings,  which  nevertheless  (like  the  following  of  a 
sensory  impulse  which  determines  its  quality)  give  to  the  conscious 

138 


CONSCIOUSNESS  AND  CONCEPTUAL  THOUGHT 
representations  their  place  and  value.  Conscious  experiences  have 
in  this  respect  justly  been  compared  to  mountain  tops  rising  above 
the  clouds  which,  while  alone  visible,  yet  presuppose  an  invisible 
substructure  determining  their  position  relative  to  each  other. 

4.    ATTENTION 

6.22.  Before  we  can  attempt  a  more  definite  characterization  of 
the  peculiar  attributes  of  conscious  experience,  it  will  be  necessary 
to  consider  another  phenomenon  which  is  so  closely  related  to 
consciousness  that  it  must  be  regarded  as  little  more  than  a 
specially  high  degree  of  awareness.  This  is  'attention'.^  Our 
awareness  of  events  to  which  we  'give  our  attention'  certainly 
differs  from  that  of  other  events  of  which  we  are  merely  co- 
conscious  very  much  in  the  same  manner  in  which  the  latter  differ 
from  conscious  experiences. 

6.23.  The  experiences  to  which  our  attention  is  directed  are 
more  fully  discriminated  and  perceived  in  greater  detail  than 
others  of  which  we  are  also  aware.  They  stand  out  altogether  more 
clearly  than  those  which  occupy  merely  the  fringe  of  conscious- 
ness. We  notice  more  in  them  and  are  more  fully  prepared  to 
respond  adequately  to  their  occurrence. 

6.24.  At  the  same  time,  it  is  characteristic  of  attention  that  it  has 
these  effects  only  with  regard  to  events  which  are  in  some  sense 
expected  or  anticipated,  and  that,  however  attentive  we  may 
endeavour  to  be,  an  altogether  unexpected  event  will  take  us  as 
much  by  surprise  and  escape  as  much  our  detailed  notice  as  if  we 
had  not  been  attentive  at  all.  Attention  is  thus  always  directed,^ 
or  confined  to  a  particular  class  of  events  for  which  we  are  on  the 
look-out  and  which,  in  consequence,  we  perceive  with  greater  dis- 
tinctness when  one  of  them  occurs. 

6.25.  These  characteristic  attributes  of  attention  fit  readily  into 
our  account  of  the  process  of  perception.  Events  or  objects  whose 
probable  occurrence  is  suggested  by  the  perceptions  or  images  of 
which  we  are  aware  will  form  part  of  the  following  of  these  ex- 
periences. The  corresponding  physiological  following  will  therefore 

^Cf.,  E.  G.  Boring,  1933,  pp.  231-2:    'Consciousness  is  attentive,  attention  is 
selective;  consciousness  is  selective.  Attention  and  consciousness  are  almost 
synonymoiis,  and  selection  is  the  fundamental  principle  of  both.' 
^Cf.,  W.  Stern,  1938,  p.  474. 
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be  in  a  state  of  excitatory  preparedness,  and  this  will  facilitate 
the  evaluation  of  any  of  the  corresponding  stimuli  should  they 
actually  occur.  The  excitation  produced  by  any  such  stimulus  will 
as  a  result  penetrate  further,  the  network  of  relations  determining 
its  position  will  be  more  extensively  activated,  and  the  sensory 
impulse  will  therefore  be  more  completely  discriminated. 

6.26.  The  fact  that  the  following  of  certain  impulses  or  groups  of 
impulses,  or  certain  parts  of  this  following,  will  be  more  completely 
activated  because  the  new  impulses  will  be  supported  by  an  antici- 
patory stream  of  impulses  tending  in  the  same  direction,  will  bring 
it  about  that  these  irnpulses  will  be  evaluated  more  fully  than 
others  which  may  also  be  present;  and  the  corresponding  sensa- 
tions will  be  lifted  above  others  in  intensity  and  distinctness. 

6.27.  This  kind  of  anticipatory  excitation  of  parts  of  the  follow- 
ing of  certain  kinds  of  sensory  impulses  will  mean  that  we  shall  not 
only  be  more  ready  to  perceive  the  corresponding  stimulus,  but 
also  that  we  shall  perceive  them  from  a  certain  angle  or  a  certain 
'point  of  view';  we  shall  discriminate  them  more  fully  with  respect 
to  certain  types  of  responses  towards  which  the  whole  organism  is 
disposed  at  the  moment.  The  conception  of  'disposition'  or  'set' 
which  we  have  discussed  before  in  connexion  with  'purposiveness' 
(4.60-4.63),  is  indeed  the  most  general  manifestation  of  the  pro- 
cess of  which  attention  is  a  special  instance.^ 

6.28.  It  is  worth  noting  in  this  connexion  that  something 
similar  to  attention  can  be  observed  also  on  a  semiconscious  or 
subconscious  level.  A  person  may  be  interested  in  finding  some 
object  or  in  noticing  a  particular  event,  and,  although  not  thinking 
about  it,  will  at  once  observe  it  when  it  presents  itself  to  his  senses, 
merely  because  his  mind  has  been  prepared  for  it.  The  same  is 
probably  true  of  certain  suggestions  in  a  hypnotic  state  which  are 
carried  out  when  the  occasion  arises.  These  states  of  preparedness 
for  certain  actions,  like  attention  proper,  or  the  set  or  disposition 
corresponding  to  a  particular  urge  or  drive,  must  probably  be 
conceived  as  determined  by  a  state  of  excitatory  preparedness  of 
the  following  of  the  classes  of  impulses  corresponding  to  the  objects 
to  which  they  are  directed. 

^Cf.,  J.  G.  Miller,  1942,  p.  159:  'Closely  related  to  attention,  perhaps  its  out- 
ward manifestation,  is  the  phenomenon  of  set'. 
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5.    THE    FUNCTIONS    OF    CONSCIOUSNESS 

6.29.  The  phenomenon  of  attention  is  of  special  significance  for 
the  understanding  of  consciousness  because  in  the  case  of  attention 
as  well  as  in  that  of  consciousness,  it  is  not  merely  the  character  of 
the  particular  stimulus,  or  the  place  of  the  impulse  in  the  network 
of  connexions,  which  will  determine  whether  it  will  or  will  not 
become  conscious  or  receive  our  attention;  but  it  will  be  the  pre- 
existing excitatory  state  of  the  higher  centres  which  will  decide 
whether  the  evaluation  of  the  new  impulses  will  be  of  the  kind 
characteristic  of  attention  or  consciousness.  It  will  depend  on  the 
predisposition  (or  set)  how  fully  the  newly  arriving  impulses  will 
be  evaluated  or  whether  they  will  be  consciously  perceived,  and 
what  the  responses  to  them  will  be. 

6.30.  It  is  probable  that  the  processes  in  the  highest  centres  which 
become  conscious  require  the  continuous  support  from  nervous 
impulses  originating  at  some  source  within  the  nervous  system  it- 
self, such  as  the  'wakefulness  centre'  for  whose  existence  a  con- 
siderable amount  of  physiological  evidence  has  been  found. ^  If 
this  is  so,  it  would  seem  probable  also  that  it  is  these  reinforcing 
impulses  which,  guided  by  the  expectations  evoked  by  pre-existing 
conditions,  prepare  the  ground  and  decide  on  which  of  the  new 
impulses  the  searchlight  beam  of  full  consciousness  and  attention 
will  be  focused.  The  stream  of  impulses  which  is  thus  strengthened 
becomes  capable  of  dominating  the  processes  in  the  highest  centre, 
and  of  overruling  and  shutting  out  from  full  consciousness  all  the 
sensory  signals  which  do  not  belong  to  the  object  on  which  atten- 
tion is  fixed,  and  which  are  not  themselves  strong  enough  (or  per- 
haps not  sufficiently  in  conflict  with  the  underlying  outline  picture 
of  the  environment)  to  attract  attention. 

6.31.  There  would  thus  appear  to  exist  within  the  central 
nervous  system  a  highest  and  most  comprehensive  centre  at  which 
at  any  one  time  only  a  limited  group  of  coherent  processes  can  be 
fully  evaluated;  where  all  these  processes  are  related  to  the  same 
spatial  and  temporal  framework;  where  the  'abstract'  or  generic 
relations  form  a  closely  knit  order  in  which  individual  objects 
are  placed;  and  where,  in  addition,  a  close  connexion  with  the 
instruments  of  communication  has  not  only  contributed  a  further 
and  very  powerful  means  of  classification,  but  has  also  made  it 

^Cf.,  C.  T.  Morgan,  1942,  p.  283  et  seq. 
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possible  for  the  individual  to  participate  in  a  social  or  conventional 
representation  of  the  world  which  he  shares  with  his  fellows. 

6.32.  Of  these  various  characteristics  of  consciousness  the  pre- 
dominance of  'abstract'  features  requires  further  discussion.  This 
will  be  combined  in  the  next  two  sections  with  some  further 
examination  of  the  nature  of  abstract  thought. 

6.  'concrete'  and  'abstract 

6.33.  While  the  'consciousness'  of  consciously  experienced  quali- 
ties implies  their  being  closely  related  to  each  other,  the  relation- 
ships which  determine  these  qualities  are  not  in  turn  themselves 
conscious.  These  relationships  determine  how  different  conscious 
experiences  will  act  upon  or  affect  each  other,  but  they  are  present 
in  consciousness  only  in  this  'implicit'  manner  and  are  not 
explicitly  experienced. 

6.34.  Since  the  relations  which  determine  the  character  of  mental 
qualities  are  not  themselves  consciously  experienced  but  show 
themselves  solely  in  the  different  effects  which  the  different  ex- 
perienced qualities  produce,  the  latter  appear  to  us  as  the  absolute 
and  irreducible  data  of  consciousness.  This  is  often  expressed  by 
the  statement  that  sensory  experience  gives  us  acquaintance  with 
the  'concrete'  phenomena  while  the  higher  mental  processes  derive 
'abstractions'  from  those  immediate  data. 

6.35.  This  distinction  between  the  'concrete'  character  of  im- 
mediate experience  and  the  'abstract'  character  of  'concepts'  is 
misleading  in  several  respects.  It  is  closely  connected  with  the  old 
belief  that  the  sensory  qualities  constitute  in  some  sense  a  repro- 
duction of  corresponding  attributes  of  the  objects  of  the  external 
world,  and  with  that  mosaic  theory  of  perception  which  conceives 
of  all  mental  events  as  being  built  up  from  fixed  sensory  'elements'. 

6.36.  If  sensory  perception  must  be  regarded  as  an  act  of  classi- 
fication, what  we  perceive  can  never  be  unique  properties  of 
individual  objects  but  always  only  properties  which  the  objects 
have  in  common  with  other  objects.  Perception  is  thus  always  an 
interpretation,  the  placing  of  something  into  one  or  several  classes 
of  objects.  An  event  of  an  entirely  new  kind  which  has  never 
occurred  before,  and  which  sets  up  impulses  which  arrive  in  the 
brain  for  the  first  time,  could  not  be  perceived  at  all.^ 

^Cf.,  H.  Henning,  1924,  p.  304. 
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6.37.  All  we  can  perceive  of  external  events  are  therefore  only 
such  properties  of  these  events  as  they  possess  as  members  of 
classes  which  have  been  formed  by  past  'linkages'.  The  qualities 
which  we  attribute  to  the  experienced  objects  are  strictly  speaking 
not  properties  of  that  object  at  all,  but  a  set  of  relations  by  which 
our  nervous  system  classifies  them^  or,  to  put  it  differently,  all  we 
know  about  the  world  is  of  the  nature  of  theories  and  all  'ex- 
perience' can  do  is  to  change  these  theories.  ^ 

6.38.  This  means  also  that  what  we  perceive  of  the  external 
world  are  never  either  all  the  properties  which  particular  objects 
can  be  said  to  possess  objectively,  nor  even  only  some  of  the  pro- 
perties which  these  objects  in  fact  do  possess  physically,  but  always 
only  certain  'aspects',  relations  to  other  kinds  of  objects  which  we 
assign  to  all  elements  of  the  classes  in  which  we  place  the  per- 
ceived objects.  This  may  often  comprise  relations  which  objec- 
tively do  not  at  all  belong  to  the  particular  object,  but  which  we 
merely  ascribe  to  it  as  the  member  of  the  class  in  which  we  place  it 
as  a  result  of  some  accidental  collocation  of  circumstances  in  the 
past. 

6.39.  In  any  sense  in  which  we  can  contrast  our  knowledge  of  the 
perceived  properties  of  an  external  object  with  its  physical  or 
objective  properties,  all  sensory  perception  is  therefore  in  a  sense 
'abstract' ;  it  always  selects  certain  features  or  aspects  of  a  given 
situation.  We  shall  presently  see  that  the  assumption  that  there 
exists  a  physical  world  different  from  the  phenomenal  world  in- 
volves the  assumption  that  the  former  possesses  properties  which 
we  cannot  directly  perceive,  and  even  some  which  we  do  not  know. 
Even  the  so-called  elementary  sensory  qualities  are  in  this  sense 
'abstractions',  since  they  are  determined  by  bundles  of  relation- 
ships which  we  have  learnt  to  attach  to  certain  stimuli  which  in  a 
physical  sense  may  or  may  not  possess  identical  properties. 

6.40.  We  already  have  stressed  repeatedly  the  fact  that  the 
immediate  data  of  consciousness  are  not  in  fact  built  up  in  mosaic 
fashion  from  elementary  sensations.  We  perceive  directly  such 
complexes  as  configurations   (gestalts),  and  there  can  be  little 

^Cf.,  E.  G.  Boring,  1933,  p.  30:    'The  thesis  of  this  book  is  that  nothing  is 
"directly  observed",  that  every  fact  is  an  implication.'  It  is  curious  that  an 
author  holding  this  view  should  still  describe  himself  as  a  positivist. 
^I  owe  this  way  of  putting  it  to  my  friend  K.  R.  Popper,  who,  however,  may  not 
entirely  agree  with  this  use  I  am  making  of  his  ideas. 
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doubt  that  we  often  consciously  perceive  only  the  gestalt  qualities 
without  being  aware  of  the  'elementary'  sensations  (such  as 
colours)  of  which  the  former  were  once  supposed  to  be  built  up.^ 
It  is  at  least  probable  that  even  on  a  pre-conscious  level  we  can 
learn  to  respond  similarly  to  certain  'abstract'  features  of  an 
external  situation  irrespective  of  the  different  elements  of  which 
the  gestalt  may  be  built  up  in  the  particular  case. 

6.41.  The  immediate  data  of  consciousness  will  therefore  be 
'abstract'  not  only  in  the  sense  that  they  can  never  convey  to  us 
more  than  certain  generic  'attributes'  of  the  perceived  objects,  but 
also  in  the  sense  that  they  will  always  reflect  only  some  of  these 
generic  properties  which  might  be  ascribed  to  the  perceived 
object.  If,  with  regard  to  current  perceptions,  we  are  usually  little 
aware  of  their  partial  or  incomplete  character,  this  is  probably  due 
to  the  fact  that  while  the  experience  is  present  we  are  in  a  position 
to  supplement  it  by  directing  our  attention  to  particular  features. 

6.42.  This  possibility  of 'filling  in'  at  first  unperceived  details  by 
directing  our  attention  to  them  probably  constitutes  also  one  of 
the  main  differences  between  current  perceptions  and  memory 
images.  (Though  some  people  of  the  eidetic  type  appear  to  be  able 
by  recalling  vivid  images  to  discover  details  in  them  which  they 
had  not  noticed  at  the  time  of  the  original  experience) .  But  the 
memory  images  need  not  always  to  be  more  'abstract'  than 
current  perceptions.  If  frequently  only  certain  abstract  features 
of  a  perceived  situation  can  be  remembered,  this  is  maybe  a  con- 
sequence of  the  fact  that  only  those  abstract  features  were  per- 
ceived in  the  first  instance. 

6.43.  While  there  thus  exists  little  justification  for  any  sharp 
distinction  between  the  'concrete'  picture  supplied  by  sense  per- 
ception and  the  'abstractions'  which  are  derived  from  the  former 
by  the  higher  mental  processes  (or  between  the  complete  picture  of 
a  unique  situation  built  up  by  the  'senses'  from  fixed  elements, 
and  the  abstract  features  which  the  'intellect'  singles  out  from  the 
picture  which  is  supposed  to  be  given  prior  to  any  abstraction, 
cf.  5.19),  there  is  a  legitimate  sense  in  which  we  can  at  any  mo- 
ment distinguish  between  the  immediate  data  of  consciousness  and 
the  further  processes  of  rearrangement  and  reclassification  to 
which  they  can  be  subjected  on  a  conscious  level. 

ij.  von  Kries,  1923,  p.  99. 
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7.    CONCEPTUAL    THOUGHT 

6.44  We  have  seen  that  the  classification  of  the  stimuh  performed 
by  our  senses  will  be  based  on  a  system  of  acquired  connexions 
which  reproduce,  in  a  partial  and  imperfect  manner,  relations 
existing  between  the  corresponding  physical  stimuli.  The  'model' 
of  the  physical  world  which  is  thus  formed  will  give  only  a  very 
distorted  reproduction  of  the  relationships  existing  in  that  world 
(5.20-5.24) ;  and  the  classification  of  these  events  by  our  senses  will 
often  prove  to  be  false,  that  is,  give  rise  to  expectations  which  will 
not  be  borne  out  by  events. 

6.45.  But,  although  the  conscious  mind  can  know  of  the  external 
world  only  in  terms  of  the  classes  which  earlier  experience  has 
created,  and  although  all  its  conscious  experience  must  always 
refer  to  elements  of  such  given  classes  rather  than  to  individual 
objects,  the  experience  of  these  data  of  consciousness  will  provide 
the  foundation  for  a  revision  of  the  classification  from  which  it 
starts.  Further  experience  will  show  that  parts  of  different  situa- 
tions which  our  senses  represent  as  being  alike  will,  according  to 
the  different  accompanying  circumstances,  have  to  be  treated  as 
different.  The  mind  will  perform  on  the  initial  sensory  experiences 
a  process  of  reclassification,  the  object  of  which  are  no  longer  the 
original  stimuli  but  the  elements  of  the  classes  formed  by  the  pre- 
conscious  sensory  mechanism. 

6.46.  The  experience  that  objects  which  individually  appear  as 
alike  to  our  sense  will  not  always  behave  in  the  same  manner  in 
relation  to  other  classes  of  apparently  similar  objects,  and  that 
objects  which  to  our  senses  appear  to  be  different  may  in  all  other 
respects  prove  to  behave  in  the  same  manner,  will  thus  lead  to  the 
formation  of  new  classes  which  will  be  determined  by  explicitly 
(consciously)  known  relations  between  their  respective  elements. 
These  new  classes  formed  by  a  rearrangement  of  the  objects  of  the 
sensory  world  are  what  are  usually  described  as  abstract  concepts. 

6.47.  The  formation  of  abstract  concepts  thus  constitutes  a 
repetition  on  a  higher  level  of  the  same  kind  of  process  of  classi- 
fication by  which  the  differences  between  the  sensory  qualities  are 
determined.  1  This  continuous  process  of  reclassification  is  forced 
on  us  because  we  find  that  the  classification  of  objects  and  events 
which  our  senses  effect  is  only  a  rough  and  imperfect  approximation 

^Cf.j  H.  Margenau,  1950,  pp.  54-56,  and  H.  Werner,  1948,  p.  222,  224. 
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to  a  reproduction  of  the  differences  between  the  physical 
objects  which  would  enable  us  correctly  to  predict  their  behaviour^ 
— an  approximation  determined  by  the  accidents  of  evolution,  the 
physiological  capacities  and  the  pragmatic  needs  of  the  individual 
and  the  species. 

6.48.  Perhaps  we  may  go  still  further  and  regard  conceptual 
thought  and  the  processes  of  inference  as  a  further  repetition  of 
the  process  of  classification  on  a  still  higher  level.  It  is  probably  no 
accident  that  the  formation  of  classes  and  the  relation  between 
classes  were  first  studied  in  the  attempt  to  analyse  the  principles  of 
conceptual  reasoning.  It  should  be  clear  now  that  the  same  kind  of 
relationship  which  in  logic  has  been  developed  as  the  theory  of 
classes  and  relations,  is  immediately  applicable  to  that  physio- 
logical process  of  multiple  grouping  or  classification  which  we 
have  been  examining.  And  it  should  not  be  difficult  to  conceive  of 
the  conscious  mental  process  which  logic  analyses  as  a  repetition 
on  a  higher  level  of  similar  processes  which,  on  a  pre-conscious 
level,  have  produced  the  material  on  which  the  conscious  processes 
operate. 

6.49.  We  cannot  attempt  here  further  to  distinguish  the  different 
levels  on  which  this  kind  of  process  of  constantly  repeated  classi- 
fications proceeds,  and  we  must  be  content  with  the  suggestion 
that  all  the  'higher'  mental  processes  may  be  interpreted  as  being 
determined  by  the  operation  of  the  same  general  principle  which 
we  have  employed  to  explain  the  formation  of  the  system  of  basic 
sensory  qualities.  We  have  throughout  to  deal  with  an  ever- 
repeated  process  of  classification  of  the  kind  described  earlier. 

6.50.  With  this  suggestion  of  the  essential  unity  of  the  character 
of  the  physiological  mechanism  underlying  all  kinds  of  mental 
processes  we  have  concluded  the  exposition  of  the  theory  which  is 
the  main  object  of  this  study.  There  remain  yet,  however,  two 
complementary  tasks  to  which  the  two  concluding  chapters  will  be 
devoted.  We  shall  first  consider  what  kind  of  empirical  confirma- 
tion or  refutation  we  may  hope  to  find  for  our  theory.  The  final 
chapter  will  examine  certain  philosophical  consequences  which 
would  follow  from  this  theory  and  which  are  closely  connected 
with  certain  topics  merely  touched  upon  in  this  and  the  preceding 
chapters. 

^Cf.,  F.  A.  Hayek,  1942,  p.  271  et  seq. 
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CHAPTER  VII 

CONFIRMATIONS    AND    VERIFICATIONS    OF 
THE    THEORY 

I.    OBSERVED    FACTS    FOR    WHICH    THE    THEORY   ACCOUNTS 

7.1.  The  value  of  a  theory  of  the  kind  presented  here  may  prove 
itself  by  accounting  for  known  facts  as  consequences  of  other 
known  phenomena,  by  enabling  us  to  eliminate  phantom  prob- 
lems, by  showing  that  certain  earlier  theories  are  special  cases  of 
a  more  general  principle,  or,  finally,  by  suggesting  new  questions 
which  can  be  experimentally  investigated.  On  all  these  scores  our 
theory  appears  to  have  a  certain  amount  oi prima  facie  evidence  in 
its  favour. 

7.2.  The  main  aim  of  the  theory  presented  is  to  show  that  the 
range  of  mental  phenomena  such  as  discrimination,  equivalence  of 
response  to  different  stimuli,  generalization,  transfer,  abstraction, 
and  conceptual  thought,  may  all  be  interpreted  as  different  forms 
of  the  same  process  which  we  have  called  classification,  and  that 
such  classifications  can  be  effected  by  a  network  of  connexions 
transmitting  nervous  impulses.  From  the  fact  that  this  classification 
is  determined  by  the  position  of  the  individual  impulse  or  group  of 
impulses  in  a  complex  structure  of  connexions,  extending  through 
a  hierarchy  of  levels,  follow  certain  important  conclusions  con- 
cerning the  effects  which  physiological  or  anatomical  changes 
must  be  expected  to  have  on  mental  functions.  We  shall  confine 
ourselves  here  to  point  out  a  few  of  the  more  important  conse- 
quences of  our  theory  which  are  in  accordance  with  observed  fact. 

7.3.  Since  the  qualities  of  mental  events  produced  by  particular 
impulses  or  groups  of  impulses  according  to  this  view  depend  not 
on  any  property  which  these  impulses  possess  by  themselves,  but 
on  their  position  in  the  whole  network  of  connexions,  it  would 
follow  that  the  different  mental  functions  need  not  be  localized  in 
any  particular  part  of  the  cortex. 
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7.4.  While  the  possibiHty  of  a  peripheral  stimulus  producing  a 
sensory  quality  will  in  general^  depend  on  the  preservation  of  the 
central  endings  of  the  corresponding  afferent  fibres,  there  is  no 
reason  for  expecting  that  beyond  this  the  capacity  of  experiencing 
particular  qualities  will  depend  on  particular  parts  of  the  cortex. 
We  should  rather  expect  to  find,  as  in  fact  we  do  find,  that  a 
destruction  of  a  limited  part  of  the  cortex  will  lead  to  some  weaken- 
ing of  most  or  all  mental  functions,  rather  than  to  the  extinction  of 
some  particular  capacities.^ 

7.5.  Similar  considerations  would  lead  us  also  to  expect  that 
particular  mental  functions  will  not  depend  entirely  on  the  exis- 
tence of  particular  nervous  connexions  but  will  be  capable  of 
being  produced  by  alternative  channels.  If  the  complete  classi- 
fication which  determines  the  peculiar  mental  quality  of  an 
impulse  depends  on  a  multiplicity  of  connexions  extending 
throughout  the  greater  part  of  the  cortex,  this  does  not  mean  that 
for  any  particular  effect  any  one  of  these  connexions  will  be  indis- 
pensable. Partial  classifications  based  on  certain  bundles  of  con- 
nexions may  often  alternatively  be  capable  of  bringing  about  a 
discrimination  sufficient  to  maintain  the  particular  effect. 

7.6.  This  may  mean  either  that  certain  mental  processes  which 
are  normally  based  on  impulses  proceeding  in  certain  fibres  may, 
after  these  fibres  have  been  destroyed,  be  relearned  by  the  use  of 
some  other  fibres,  or  that  certain  associations  may  be  effectively 
brought  about  through  several  alternative  bundles  of  connexions, 
so  that,  if  any  one  of  these  paths  is  severed,  the  remaining  ones 
will  still  be  able  to  bring  about  the  result.  Such  effects  have  been 
observed  and  described  under  the  names  of  'vicarious  function- 
ing' and  'equipotentiality'.^ 

7.7.  Our  account  of  the  translation  of  the  neural  impulse  into  a 
mental  event  as  a  process  of  classification  leads  us  to  expect  that 
we  will  find  that  this  process  not  only  takes  perceptible  time  but 
also  that  it  can  be  observed  in  different  successive  stages  in  which 
the  classification  or  evaluation  is  developed  to  different  degrees. 
^In  view  of  what  has  been  said  before  (4.37-4.42)  about  the  role  of  the  low- 
level  responses  it  is,  however,  not  entirely  inconceivable  that  in  the  case  of  a 
local  destruction  of  the  cortical  endings  of  particular  sensory  fibres,  the 
proprioceptive  fibres  recording  short-arc  responses  may  come  to  deputize  for 
them. 

^See  K.  S.  Lashley,  1929,  and  already  J.  von  Kries,  i8g8. 
^K.  S.  Lashley,  1929. 
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This  expectation  is  amply  borne  out  by  observation.  From  the  un- 
conscious responses  to  stimuh  and  the  still  unconscious  'sub- 
ception'^  through  the  'pre-sensation' ^  and  the  various  degrees  of 
clarity  of  the  sensation,^  perception  and  'apperception',  to  judge- 
ments and  concept  formation,  there  exists  clearly  a  chain  of  events 
in  which  the  full  evaluation  of  any  mental  quaUty  gradually  un- 
folds itself. 

7.8.  From  the  account  we  have  given  of  the  determination  of 
sensory  qualities  it  would  further  follow  that  the  quality  of  any 
sense  experience  attached  to  certain  impulses  or  group  of  impulses 
will  not  always  be  the  same  but  will  be  different  in  different  cir- 
cumstances. The  same  individual  stimulus,  affecting  the  same 
receptor  organs,  must  thus  be  expected  to  produce  different 
sensory  qualities  according  as  different  other  stimuli  operate  at  the 
same  time. 

7.9.  As  we  have  already  seen  (4.45-4.47),  this  expectation  is 
fully  borne  out  by  experimental  work.  Many  stimuli  are  perceived 
'correctly'  only  if  received  under  normal  conditions,  but  lead  to 
different  sensations  if  the  setting  is  not  normal.  * 

2.    OLDER    THEORIES    COMPRISED    AS    SPECIAL    CASES 

7.10.  There  is  no  need  here  to  mention  again  the  various  in- 
stances where  our  approach  eliminates  what  now  appear  to  be 
false  questions.  We  can  at  once  turn  to  the  several  instances  where 
our  theory  embraces  as  special  cases  theories  which  in  the  past 
have  been  advanced  in  order  to  explain  particular  phenomena. 
Some  of  these  instances  have  been  noticed  earlier  and  now  need 
be  mentioned  only  briefly. 

7. 11.  The  first  instance  of  this  kind  which  has  been  discussed 
earlier  (3.40-3.45)  is  Berkeley's  theory  of  spatial  vision  and  the 
more  general  theories  of  space  perception  which  have  developed 
from  it.  The  account  of  the  determination  of  the  spatial  order  of 
perception  by  the  co-ordination  between  the  various  sense  modaU- 
ties  and  the  kinesthetic  sensations  is  of  course  merely  one  particular 

^R.  A.  McCleary  and  R.  S.  Lazarus,  1949.  p.  178. 

^F.  R.  Bichowski,  1925,  p.  589,  R.  B.  Cattell,  1930. 

^H.  Henning,  1922,  p.  71. 

^See  on  this  now  the  German  works  by  W.  Metzger,  1 940,  and  V.  von  Weiz- 

saecker,  1941. 
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instance  of  the  theory  of  the  determination  of  sensory  quahties 
developed  here. 

7.12.  Another  similar  instance  of  an  anticipation  in  a  particular 
field  which  we  have  already  mentioned  is  the  James-Lange  theory, 
of  emotions.  As  has  been  shown  before  (4.70-4.72),  this  theory, 
carefully  restated,  might  be  regarded  as  a  special  case  of  our 
theory. 

7.13.  In  the  case  at  least  of  von  Helmholtz  the  emphasis  on  the 
effect  of  experience  in  determining  sensory  qualities  goes  far 
beyond  ascribing  to  experience  the  creation  of  their  spatial  order, 
and  it  probably  is  due  mainly  to  his  influence  that  it  is  to-day 
widely  recognized  that  'the  manner  in  which  we  see  things  of  the 
external  world  is  sometimes  affected  by  experience  to  an  over- 
whelming extent'  and  that  'it  is  often  difficult  to  decide  which  of 
our  visual  experiences  are  determined  immediately  by  sensation 
and  which,  on  the  contrary,  are  determined  by  experience  and 
practice.'^  His  conception  of  the  'unconscious  inference V  by 
which  stimuli  which  do  not  lead  to  conscious  experience  are  yet 
utilized  in  the  perception  of  a  complex  position,  comes  very  close 
to  the  theory  developed  here.  Yet  von  Helmholtz,  like  all  later 
writers  following  on  these  lines,  instead  of  drawing  the  conclusion 
that  the  factors  to  which  he  attributed  'overwhelming  importance' 
in  determining  the  sensory  qualities  might  be  the  sole  factors  which 
determine  them,  in  fact  insisted  that  nothing  could  be  recognized 
as  sensation  which  is  demonstrably  due  to  experience^ — thus 
giving,  in  fact,  support  to  the  conception  of  a  pure  core  of 
sensation. 

7.14.  The  same  applies  to  the  group  of  theories  which  have 
furthest  developed  this  line  of  thought,  the  Reproduktionspsychologie 
of  B.  Erdmann,  R.  Dodge,  H.  Henning  and  F.  Schumann,  which, 
with  its  stress  on  the  'residua'  which  determine  sensory  qualities, 
came  very  close  to  the  position  taken  here,  yet  never  ceased  to 
distinguish    between    a    'stimulus    component'    and    a   'residual 

^I  cannot  now  trace  the  source  of  this  quotation,  but  similar  statements  can  be 
found  in  many  passages  of  Helmholtz,  e.g.,  1866  (1925)  HI.  p.  12.  W.  Wundt's 
theory  of  'assimilation,'  which  ought  also  to  be  mentioned  in  this  connexion,  is 
essentially  a  development  of  these  ideas. 

^H.  von  Helmholtz  1866  (1925)  IH,  p.  4,  where  'unbewusster  Schluss'  is,  however, 
inadequately  translated  as  'unconscious  conclusions'.  The  correct  translation 
'unconscious  inference'  is  suggested  by  E.  G.  Boring. 
^H.  von  Helmholtz  1866  (1925)  HI,  p.  13. 
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component',  the  former  of  which  still  corresponds  to  the  'pure 
core'  of  sensation.^ 

7.15.  The  relation  which  exists  between  our  theory  and  the 
views  of  the  gestalt  school  is  of  a  somewhat  different  character 
and  has  already  been  discussed  (3.70-3.79).  As  was  then  pointed 
out,  the  present  approach  may  be  regarded  as  an  attempt  to  raise, 
with  regard  to  all  kinds  of  sensory  experiences,  the  question  which 
the  gestalt  school  raised  in  connexion  with  the  perception  of  con- 
figurations. And  it  seems  to  us,  that  in  some  respects  at  least,  our 
theory  may  be  regarded  as  a  consistent  development  of  the 
approach  of  the  gestalt  school.  ^ 

7.16.  Another  instance  of  a  connexion  between  our  theory  and  a 
familiar  older  view  has  not  yet  been  explicitly  mentioned:  the 
obvious  relations  which  exist  between  it  and  the  basic  ideas  of  the 
old  association  psychology.  Our  view  agrees,  of  course,  with  asso- 
ciationism  in  the  endeavour  to  trace  all  mental  processes  to  con- 
nexions established  by  experience  between  certain  elements.  It 
differs  from  it  by  regarding  the  elements  between  which  such  con- 
nexions are  established  as  not  themselves  mental  in  character  but 
as  material  events  which  only  through  those  connexions  are 
arranged  in  a  new  order  in  which  they  obtain  the  specific  signi- 
ficance characteristic  of  mental  events  (5.52). 

7.17.  This  is  a  step  which  James  Mill  very  nearly  made  when  he 
briefly  suggested  that  similarity  ('resemblance')  might  be  dis- 
pensed with  as  a  'principle  of  association'  and  be  reduced  to  a 
'particular  case'  of  the  'law  of  frequency'  of  co-occurrence.^  This 
promising  beginning  was,  however,  cut  short  by  the  somewhat  un- 
comprehending comment  added  to  this  passage  by  his  son,  who 
described  the  brief  hint  as  'perhaps  the  least  successful  attempt  at 
simplification  and  generalization  of  the  laws  of  mental  pheno- 
mena, to  be  found  in  the  work.'  The  only  further  development  of 
this  idea  is  to  be  found  in  the  writings  of  the  last  of  the  old 

^B.  Erdmann,  1886,  1907  and  especially  1920,  pp.  7,  16,  18,  63-64,  74-75, 

and  127;  R.  Dodge,  1931,  p.  126;  H.  Henning,  1917,  p.  198,  1924,  pp.  303- 

304;  F.  Schumann,   1908,  II,  p.    19,   1922,  pp.  207,  216.  It  may  be  worth 

mentioning  that  the  fullest  exposition  of  this  view,  Erdmann's  Reproduktions- 

psychologie,  appeared  in  the  same  year,  1920,  when  the  first  draft  of  the  present 

theory  was  completed. 

^This  applies  particularly  to  the  formulation  of  the  basic  problems  by  K. 

Koffka,  1935. 

3J.  Mill,  1829(1869),  I,  p.  III. 
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association  psychologists,  G.  H.  Lewes,  which  never  seem  to  have 
received  the  attention  which  they  deserve.  ^ 

7.18.  Finally,  we  may  perhaps  once  more  mention  that  within 
the  framework  of  this  theory  the  conception  of  events  which  are 
mental  but  not  conscious  receives,  for  the  first  time  so  far  as  we  are 
aware,  a  clear  meaning.  In  consequence  it  provides  a  systematic 
place  for  whatever  of  the  various  theories  of  the  unconscious  will 
prove  permanent  additions  to  knowledge. 


3.    NEW   EXPERIMENTS   SUGGESTED 

7.19.  The  theory  developed  here  is  not  the  kind  which  one  could 
hope  to  confirm  or  refute  by  a  single  crucial  experiment.  Its  value 
ought  to  show  itself  rather  in  suggesting  new  directions  in  which 
experimental  work  should  produce  interesting  results.  The  main 
thesis  for  which  one  may  hope  to  find  experimental  confirmation 
is  that  the  sensory  qualities  can  be  changed  by  the  acquisition  of 
new  connexions  between  sensory  impulses.  If  this  central  con- 
tention is  correct  it  should  in  principle  be  possible  both,  to  attach 
conscious  sensory  qualities  to  sensory  impulses  which  before 
carried  no  conscious  values,  and  to  create  discriminations  between 
such  impulses  which  before  caused  undistinguishable  sensations. 
It  should  even  be  possible  to  create  altogether  new  sensory 
qualities  which  have  never  been  experienced  before. 

7.20.  There  exists  a  great  deal  of  evidence  that  the  capacities  for 
sensory  discrimination  can  be  greatly  developed  by  practice.  The 
greatly  heightened  capacities  for  tactual,  auditory  and  olfactory 
discrimination  often  acquired  by  the  blind,  ^  the  development  of 
taste,  smell,  vision  and  touch  by  the  professional  tasters  and 
samplers  of  wine,^  spirits,  tobacco,  chocolate,  perfumes,  wool,* 
cheese,  ^  and  the  like,  the  development  of  the  sense  of  smell  by 

^G.  H.  Lewes,  1879. 

^In  addition  to  such  older  studies  as  the  classic  investigation  of  J.  N.  Czermak, 

1855,  and  the  more  recent  works  of  J.  T.  Williams,  1922,  and  M.  von  Senden, 

1932,  see  the  recent  summary  by  E.  von  Skramlik,  1937,  p.  173,  which  seems  to 

show  that  the  predominant  evidence  is  against  the  contrary  results  obtained 

by  some  investigators. 

3H.  Henning,  1924,  p.  55. 

*H.  Binns,  1926. 

^G.  W.  S.  Blair  and  F.  M.  V.  Coppen,  1939. 
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some  doctors  and  chemists,^  of  the  auditory  sense  of  musicians 2, 
and  of  the  colour  sense  of  artists  and  dyers  ^  are  famiHar,  although 
quite  inadequately  studied,  examples. 

7.21.  In  more  recent  times,  largely  under  the  influence  of  the 
gestalt  school,  the  effect  of  experience  and  practice  on  what  has 
come  to  be  known  as  'perceptual  organization'  has  received  a  good 
deal  of  attention.  It  appears  to  have  been  established  beyond 
doubt  that  the  perception  of  the  various  configurations  and  com- 
plexes can  be  profoundly  altered  by  experience.*  But  although 
this  fact  is  closely  connected  with  our  problem,  and  (if  the  behef, 
held  both  by  the  gestalt  school  and  ourselves,  is  correct,  that  there 
is  no  real  difference  between  sensation  and  perception)  goes  far  to 
make  the  variability  of  even  the  most  elementary  sensory  qualities 
probable,  it  does  not  directly  confirm  that  the  latter  is  the  case. 

7.22.  Most  of  this  discussion  of  sensory  organization — not  ex- 
cluding much  of  the  work  of  the  gestalt  school,  in  spite  of  its  fight 
against  the  'constancy  assumption' — however,  still  suffers  from  an 
underlying  belief  that  this  problem  is  one  of  how  given  sensations 
become  'organized',  as  if  there  could  be  unorganized  sensory  data, 
something  like  W.  James's  'blooming  buzzing  confusion'  in  the 
mind  of  the  newly  born,  and  that  it  is  these  initial  fixed  sense 
data  which  perception  organizes  in  a  pattern.  ^  These  remnants  of 
the  old  'mosaic  theory'  which  still  pervade  the  discussion  cannot 
be  finally  eliminated  until  it  is  reaHzed  that  sensory  organization 
and  the  determination  of  the  individual  quaHties  are  one  and  the 
same  problem. 

7.23.  Connected  with  the  studies  of  the  effect  of  experience  on 
sensory  organization  are  the  known  facts  about  the  manner  in 
which  congenitally  blind  who  by  an  operation  have  become  able 
to  see  (and  animals  reared  in  darkness)  ^,  learn  to  perceive  visual 

^R.  W.  Moncrieff,  1942,  pp.  9,  76. 

^F.  L.  Dimmick,  1946,  p.  19. 

^E.  G.  Boring,  1942,  pp.  339-340- 

*K.  W.  Braly,  1933;  R.  W.  Leeper,  1935;  K.  Duncker,  1939. 

^As  R.  S.  Woodworth  rightly  points  out  with  regard  to  form  perception  (1938, 

p.  624),  'the  empiricist  theory  aims  to  get  along  with  a  minimum  number  of 

concepts:  it  uses  only  the  concept  of  a  pure  mosaic  of  elementary  sensation  and 

the  concept  of  associations  established  by  experience.  To  the  associations  are 

assigned  the  functions  (a)  of  combining  the  elements  into  forms  and  {b)  of 

giving  objective  meaning  to  these  forms.' 

*A.  H.  Riesen,  1947. 
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objects.  The  ample  material  collected  on  this  problem  by  Senden^ 
shows  clearly  that  at  least  the  ordering  of  the  individual  sensations 
has  to  be  gradually  learnt,  but  also  that  apparently  such  persons 
are  able  from  the  first  moment  to  distinguish  colours.  But  as  it 
appears  that  no  completely  blind  person  has  ever  gained  vision  in 
this  manner  2  and  that  all  those  operated  persons  whose  vision  had 
been  obstructed  by  cataract  were,  before  the  operation,  able  to 
distinguish  shades  of  light  and  probably  also  colours,  this  informa- 
tion is  of  little  direct  use  for  our  purpose. 

7.24.  Perhaps  the  most  significant  experimental  findings  in  this 
field  are  the  extensive  investigations  of  Stratton,  Ewert  and,  more 
recently,  Erismann  on  the  effect  of  the  prolonged  wearing  of  vari- 
ous kinds  of  spectacles  which  either  invert  or  distort  vision,^  and 
the  corresponding  experiments  by  P.  T.  Young  with  the  'pseudo- 
phone',  an  apparatus  which  effects  an  acoustical  transposition  of 
sound  between  the  two  ears.  *  All  these  experiments  show  that  the 
significance  or  position  of  different  stimuli  of  one  modality  relative 
to  stimuli  of  another  modality  can  be  altered  if  they  are  regularly 
made  to  occur  in  a  new  combination. 

7.25.  The  older  treatises  on  psychology  contain  a  good  deal  of 
discussion  on  the  effect  of  practice  on  sensory  discrimination. 
William  James,  e.g.,  in  a  section  headed  'the  improvement  of 
discrimination  by  practice'  even  explicitly  mentions  as  the  first 
cause  'which  we  can  see  at  work  whenever  experience  improves 
discrimination'  the  fact  that  'the  terms  whose  difference  comes  to 
be  felt  contract  disparate  associates  and  these  help  to  draw  them 
apart'.  ^ 

7.26.  Little  systematic  work,  however,  has  been  done  on  this 
problem  and  even  the  meaning  of  the  concept  of  practice  as 
applied  to  sensory  discrimination,  and  of  the  conception  of  new  or 

^M.  von  Senden,  1932. 
2J.  B.  Miner,  1905,  p.  103. 

^G.  M.  Stratton,  1897;  P.  H.  Ewert,  1930  and  1936;  T.  Erismann,  1948. 
*P.  T.  Young,  1928. 

*W.  James,  1890,  I,  pp.  508,  510.  For  other  similar  earlier  references  see 
O.  Kiilpe  1895,  pp.  42,  302,  340;  L.  J.  Martin  and  G.  E.  Miiller,  1899,  pp. 
i28fF;  E.  B.  Titchener,  1905  I,ii,  p.  57;  E.  L.  Thorndike,  19 13,  p.  152;  F. 
Krueger,  1915,  pp.  95-96;  J.  von  Kries,  1923,  p.  144.  The  explicit  and  cate- 
gorical denial  of  any  improvement  of  the  capacity  of  sensing,  or  sensory  acuity, 
by  H.  L.  Kingsley,  1946,  p.  265,  is  rather  exceptional  and  apparently  based  on 
as  little  precise  information  as  the  prevalent  contrary  view. 
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improved  discriminations,  has  been  left  somewhat  obscure.  Indeed 
the  older  psychologists  who  paid  at  least  some  attention  to  the 
effect  of  practice  in  this  connexion,  were  incHned  to  regard  it 
mainly  as  a  nuisance,  an  effect  which  had  to  be  eliminated  before 
serious  experimental  work  could  start,  rather  than  as  a  phenome- 
non which  deserved  investigation  for  its  own  sake. 

7.27.  The  earliest  and  for  a  long  time  the  only  systematic  experi- 
ments in  these  fields  were  those  performed  nearly  a  hundred  years 
ago  by  A.  W.  Volkmann^  on  the  effect  of  practice  on  the  threshold 
for  discrimination  between  two  neighbouring  points  on  the  skin. 
Later  experiments  ^  have  amply  confirmed  his  findings  that  not 
only  these  thresholds  could  be  decreased  by  short  practice  by  as 
much  as  from  50  mm.  to  0.5  mm.,  but  also  that  practice  with 
such  tactual  stimuli  on  a  part  of  the  skin  on  one  side  of  the 
body  would  similarly  decrease  the  threshold  for  discrimination 
between  symmetrically  corresponding  points  on  the  other  side  of 
the  body. 

7.28.  Almost  the  only  systematic  work  done  in  this  field  in  more 
recent  times  are  a  number  of  somewhat  inconclusive  studies  on  the 
effect  of  practice  on  pitch  discrimination  in  hearing,  conducted  by 
various  students  interested  mainly  in  musical  education.  ^  These 
studies  are  not  very  helpful  for  our  purpose  because  they  addressed 
themselves  in  the  main  to  the  question  whether  practice  would 
improve  discrimination,  rather  than  to  the  problem  of  the  con- 
ditions under  which  it  would  do  so.  The  one  significant  point 
which  emerges  is  that  it  seems  to  be  generally  true  that  no  mere 
repetition  but  only  knowledge  of  results  of  the  attempts  to  dis- 
criminate will  lead  to  an  improvement  of  discrimination. 

7.29.  This  unsatisfactory  state  of  knowledge  of  the  whole  subject 
is  probably  in  a  great  measure  due  to  the  uncertain  meaning  of  the 
concept  of  practice  when  applied  to  these  problems.  Although  this 
meaning  is  usually  taken  (and  sometimes  explicitly  said*)  to  be 
obvious,  it  is  by  no  means  clear  that  the  sense  of  improving  an 
existing    'capacity'    by    repeated    exercise,    which    is    probably 

lA.  W.  Volkmann,  1858. 

^See  V.  Henri,  1898,  and  the  summary  of  the  work  of  F.  B.  Dressier,  G.  A. 

Tawney,  and  L.  Solomons  in  C.  L.  Friedline,  19 18. 

^H.  T.  Moore,  1914;  J.  F.  Humes,  1930;  A.  A.  Capurso,  1934;  E.  Connette, 

1941 ;  C.  H.  Wedell,  1945;  R.  Wyatt,  1945;  B.  L.  Ricker,  1946. 

*E.g.,  B.J.  Underwood,  1949,  p.  118. 
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roughly  what  is  meant  by  the  effect  of  practice  in  other  fields, 
fits  the  case  of  sensory  discrimination. 

7.30.  There  is  little  difficulty  about  understanding  why  the 
repetition  of  any  particular  series  of  movements  should  enable  us 
to  perform  them  afterwards  more  quickly,  surely,  smoothly  or 
otherwise  more  efficiently.  But  there  seems  to  be  no  similar 
obvious  reason  why  any  number  of  attempts  to  distinguish  be- 
tween two  stimuli  which  we  have  not  been  able  to  distinguish 
before  should  teach  us  to  do  so.  The  whole  approach  to  the  prob- 
lem seems  still  to  be  determined  by  the  rather  meaningless  con- 
ception that  these  different  sensations  are  always  'there'  in  some 
concealed  sense,  and  that  the  problem  is  merely  to  learn  to  notice 
these  'unnoticed'  sensations  which  are  assumed  to  be  necessarily 
and  invariably  coupled  with  the  sensory  impulse. 

7.31.  With  regard  to  any  kind  of  movements,  practice  clearly 
means  some  effect  of  memory  and,  as  we  have  seen  (5. 10-5. 12),  it  is 
difficult  to  see  what  other  meaning  'memory'  can  have  but  the 
retention  of  connexions  or  relations.  But  while  this  conception 
applies  directly  to  the  acquisition  of  new  series  of  movements 
which  can  become  coupled  with  each  other,  and  makes  it  easy  to 
see  why,  e.g.,  such  a  series  of  movements  which  at  first  could  be 
performed  only  by  conscious  effort,  comes  later  to  be  performed 
automatically,  at  least  the  traditional  view  of  the  character  of 
sensations  does  not  fit  into  this  pattern. 

7.32.  To  acquire  the  capacity  for  new  sensory  discrimination  is 
not  merely  to  learn  to  do  better  what  we  have  done  before;  it 
means  doing  something  altogether  new.  It  means  not  merely  to 
discriminate  better  or  more  efficiently  between  two  stimuli  or 
groups  of  stimuli:  it  means  discriminating  between  stimuli  which 
before  were  not  discriminated  at  all.  If  qualities  are,  as  we  have 
maintained,  subjective,  then,  if  new  discriminations  appear  for  the 
first  time,  this  means  the  appearance  of  a  new  quality.  There  is  no 
sense  in  saying  that,  if  a  chemist  learns  to  distinguish  between  two 
smells  which  nobody  has  ever  distinguished  before,  he  has  learnt 
to  distinguish  between  given  qualities:  these  qualities  just  did  not 
exist  before  he  learnt  to  distinguish  between  them. 

7.33.  Of  course,  such  a  'new'  quality  can  never  be  unlike  any 
quality  ever  experienced  before:  to  be  recognizable  as  a  distinct 
quality  it  must,  in  certain  ways,  be  related  to  already  familiar 
qualities,  be  in  various  respects  similar  to,  or  different  from  them. 
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It  will  be  a  quality  only  by  occupying  a  certain  position  in  the 
order  of  all  qualities,  an  order  which  can  only  be  gradually  ex- 
tended and  more  finely  subdivided.  But  although  thus  most  'new' 
qualities  will  constitute  merely  a  new  step  in  a  pre-existing  grada- 
tion or  scale,  and  share  their  various  attributes  with  different  other 
quaUties,  they  will  nevertheless  be  new  qualities  \vhich  did  not 
exist  before. 

7.34.  The  prevalent  uncritical  attitude  towards  the  whole  prob- 
lem probably  has  been  much  assisted  by  the  fact  that  the  very 
term  'discrimination'  suggests  something  like  a  'recognition'  of 
objective  differences  between  the  stimuH  (2.32)  and  belongs  thus 
to  an  earlier  stage  of  theoretical  development.^  To  this  idea  prob- 
ably is  also  due  the  still  widely  held  view  that  what  is  affected  by 
practice  is  merely  the  'interpretation'  of  a  'given'  sensory  quahty 
or  datum.  The  whole  problem  is  still  largely  approached  as  if  the 
differences  between  sensory  quahties  could  be  accounted  for  by  a 
different  physiological  sensitivity  of  the  sense  organs — a  physio- 
logical 'capacity'  which  needs  merely  to  be  'developed'  and  which 
at  the  same  time  sets  a  'physiological  Hmit'  to  the  extent  to  which 
discrimination  can  be  improved.  These  concepts  of  the  'capacity' 
and  the  'physiological  limit'  are  as  obscure  and  need  as  much 
clearing  up  as  the  concept  of  practice  itself. 

7.35.  Discrimination  in  the  relevant  sense  (better  described  as 
classification)  involves  not  only  the  learning  to  respond  differently 
to  different  physical  stimuli,  but  also  the  learning  to  respond 
similarly  to  stimuH  which  physically  may  be  different  or  similar, 
and  to  respond  differently  to  the  same  stimulus  in  different  con- 
texts. In  order  that  a  problem  of  discrimination  should  arise,  it  is 
necessary,  of  course,  that  the  different  stimuli  should  cause  impulses 
in  different  sensory  fibres  (or,  though  this  does  not  seem  to  be  the 
case,  different  kinds  of  impulses  in  the  same  fibre) .  But  this  con- 
dition would  appear  to  be  the  only  'physiological  limit' :  different 
impulses  which  affect  the  same  receptor  organs  in  the  same  man- 
ner must  under  the  same  conditions  produce  undistinguishable 
effects. 

^It  is  interesting  to  note  that  E.  G.  Boring,  who  at  one  stage  had  defined  con- 
sciousness as  discrimination  (1933,  p.  187),  later  came  to  the  conclusion  that  it 
is  'probably  best  to  abandon  the  word  discrimination,  which  implies  a  freely 
acting,  conscious  observer,  and  to  limit  ourselves  to  the  descriptive  terms  of 
successive  differentiation  and  relations  between  them'.  (1937,  p.  451.) 
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7.36.  Unless  we  assume  the  theory  of  the  specific  energy  of  the 
nerves  to  be  true  in  its  illegitimate  interpretation  (1.33),  there  is 
indeed  no  reason  why  it  should  not  be  possible  to  learn  to  attach 
different  qualities  to  impulses  caused  by  stimuli  which  are  physic- 
ally identical,  and  proceeding  in  fibres  which  belong  to  the  same 
sense  modality.  Cases  are,  of  course,  known  where  identical 
physical  stimuli,  acting  on  receptors  belonging  to  different  modali- 
ties ('paradoxical  cold',  vibration  and  sound,  and  the  different 
sensory  qualities  produced  by  the  same  physical  stimulus  acting 
on  the  mucous  membranes  of  the  eye  and  the  mouth — 1.40) 
produce  different  sensations,  but  the  same  should  in  principle 
also  be  possible  where  otherwise  identical  receptors  at  different 
points  of  the  body  are  involved. 

7.37.  From  the  whole  approach  followed  in  the  present  inquiry 
it  would  follow  that  learning  to  distinguish  between  different 
individual  stimuli  can  only  mean  that  we  come  to  attach  to  these 
stimuli  different  effects  irrespective  of  the  manner  in  which  these 
stimuli  differ  objectively.  Learning  to  discriminate  does  not  neces- 
sarily produce  a  better  reproduction  of  the  physical  order  of  the 
stimuli ;  it  merely  means  the  creation  of  a  new  distinction  in  the 
phenomenal  order  which,  if  it  were  the  result  of  a  non-recurring, 
accidental  or  artificial  combination  of  stimuli  during  a  particular 
period,  might  indeed  prove  later  not  a  help  but  an  obstacle  to 
orientation  and  appropriate  behaviour. 

7.38.  The  only  sense  in  which  the  improvement  of  sense  dis- 
crimination by  practice  can  be  said  to  be  a  'development'  of  pre- 
existing capacities  is  that,  in  order  that  such  discrimination  at  the 
higher  levels  should  become  possible,  the  occurrence  of  distinct 
processes  at  some  lower  level  (at  least  the  receptor  level)  must  be 
presupposed.  That  is,  the  organism  must  initially  respond  in  some 
way  differently  to  the  different  stimuli  (even  if  it  only  be  that 
impulses  are  set  up  in  the  first  instance  in  different  fibres)  if  it  is 
to  be  possible  that  these  stimuli  should  acquire  different  signifi- 
cance for  the  higher  nervous  centres.  It  is  at  least  likely  that  in 
most  instances  different  responses  to  the  impulses  in  the  different 
fibres  will  already  have  taken  place  on  a  reflex  or  spinal  level 
before  the  higher  centres  learn  to  discriminate  between  those 
impulses,  since  the  development  of  distinct  receptors  for  different 
physical  stimuli  probably  goes  hand  in  hand  with  the  develop- 
ment of  different  responses  to  those  stimuli. 
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7.39.  There  appear  to  exist  three  principal  ways  in  which  the 
attaching  of  new  connexions  to  sensory  impulses  which  arrive  at 
the  higher  centres  might  lead  to  the  appearance  of  new  sensory 
qualities:  i.  impulses  which  before  did  not  produce  a  distinct 
sensation  might  come  to  do  so;  2.  different  impulses  produced  by 
different  physical  stimuli  which  formerly  produced  the  same 
sensory  quality  might  be  made  to  be  perceived  as  different  sensory 
qualities;  and  3.  impulses  produced  by  the  action  of  physically 
identical  stimuli  on  similar  receptor  organs  at  different  points  of 
the  body  might  also  acquire  different  sensory  qualities. 

7.40.  The  task  of  experimentation  in  all  these  instances  would  be 
to  ascertain  whether  we  could  either  become  aware  of  particular 
sensory  impulses  of  which  we  were  before  not  conscious,  or 
whether  sensory  impulses  could  be  given  distinct  qualitative  signi- 
ficance different  from  that  of  other  such  impulses  from  which  they 
were  formerly  indistinguishable ;  this  might  be  done  by  attaching 
to  them  a  distinct  set  of  connexions  which  are  different  from  those 
attached  to  other  such  impulses  which  before  were  perceived  as 
identical. 

7.41.  It  would  seem  that  in  any  such  experiments  we  must  be 
able  to  rely  on  verbal  reports  of  the  subject  and  that  therefore 
animal  experiments  cannot  be  used  for  our  purpose.  It  would  be 
necessary  to  ascertain  before  experiments  start  that  the  subject  is 
either  unaware  of  the  stimulus,  or  unaware  of  any  qualitative 
difference  between  the  effects  of  different  stimuli.  And  although 
we  can  teach  animals  to  discriminate  between  stimuli  with  respect 
to  certain  responses,  it  would  be  impossible  to  decide  whether  an 
animal  has  merely  learnt  to  attach  a  new  response  to  distinct 
sensations  which  it  perceived  before,  or  whether  it  has  acquired  a 
new  capacity  for  discrimination.  Considering  the  difficulty  of 
merely  ascertaining,  e.g.,  whether  particular  animals  possess 
colour  vision  or  not,  ^  it  would  seem  that  animal  experiments  must 
be  ruled  out  in  this  connexion. 

7.42.  With  human  subjects  the  chances  of  successful  experiments 
on  these  lines  probably  differ  greatly  between  the  different  sense 
modalities.  With  a  sense  as  highly  developed  and  as  fully  used  Ie 
humans  as  sight,  practice  in  most  instances  probably  has  been 
carried  to  a  point  where  a  definite  order  has  been  so  deeply  en- 
grained that  it  would  at  least  take  very  long  to  obtain  any  results. 

^G.  L.  Walls,  1942,  p.  472. 
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It  should  be  noted,  however,  that  as  von  Kries  has  pointed  out,^ 
in  another  sense  this  most  highly  developed  of  human  sensory 
capacities  is  the  most  imperfect  of  the  senses :  the  correspondence 
between  physical  differences  between  the  stimuli  and  the  dif- 
ferences between  the  sensory  qualities  is  probably  less  close  here 
than  it  is  with  other  senses.  Every  colour  can  be  produced  by  a 
great  variety  of  mixtures  of  wave  lengths  in  addition  to  (in  most 
instances)  a  monochromatic  (homogeneous)  light.  We  do  not  know 
whether  this  equivalence  of  various  combinations  of  stimuli  is 
determined  by  a  peripheral  (i.e.  receptor)  or  by  a  central  mechan- 
ism. If  the  latter  were  the  case,  it  should  not  be  impossible  to 
learn  to  see  as  different  colours  different  mixtures  of  light  waves 
which  initially  appear  to  be  indistinguishable. 

7.43.  Better  chances  of  experimental  results  exist  probably  in  the 
less  practised  sense  modalities,  particularly  those,  such  as  the 
human  sense  of  smell,  of  which  in  an  earlier  state  of  development 
man  made  greater  use  than  he  does  in  civilized  life,  and  where  the 
physiological  capacities  of  distinguishing  between  different  stimuli 
is  probably  much  greater  than  that  which  we  use.  It  has  been 
pointed  out  by  a  competent  observer  that  in  this  field  'the  influence 
of  practice  is  so  enormous,  particularly  in  the  beginning,  that 
some  people  require  on  the  second  day  of  experimentation  only 
small  fractions  of  the  threshold  values  necessary  on  the  first  day, 
and  that  they  then  easily  solve  qualitative  analyses  which  on  the 
previous  day  seemed  impossible  to  them.'^ 

7.44.  As  against  this  advantage  of  the  relative  unpractised  state 
of  olfaction  in  civilized  men,  and  the  consequent  high  degree  of 
educability  of  this  sense,  stands  our  ignorance  of  the  nature  of  the 
proximal  stimuli^  and  of  the  differential  sensitivity  of  the  receptor 
organs  for  these  stimuli.  We  shall  nevertheless  outline  the  kind  of 
experiments  which  might  be  attempted  with  respect  to  this  sense 
as  the  one  which  seems  on  the  whole  to  be  the  most  promising  one 
for  our  purposes. 

7.45.  The  task  of  the  experiment  would  be  to  attempt  to  attach 
to  originally  undiscriminated  stimuli  as  many  distinct  connexions 
with  other  sensory  stimuli  and  emotional  states  as  possible.  That 
such  intersensory  associations  can  be  created  has,  of  course,  been 

^J.  von  Kries,  1923,  p.  80. 
2H.  Henning,  1927,  p.  745. 

^See,  however,  the  reports  on  recent  work  by  L.  H.  Beck  and  W.  H.  Miles,  1947. 
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demonstrated  by  the  recent  work  on  sensory  conditioning.  ^  The 
problem  is  whether  by  attaching  such  distinct  associations  to 
initially  indistinguishable  stimuli  new  discriminations  can  be 
created. 

7.46.  Experiments  had  probably  best  start  with  stimuli  which 
highly  practised  persons  are  known  to  distinguish,  but  which  to 
an  unpractised  person  are  undistinguishable.  The  points  to  be 
ascertained  would  be  not  only  whether  by  repeated  exposure  to 
the  stimuli  people  can  be  taught  to  discriminate  between  them, 
but  whether  this  process  is  considerably  speeded  up  if  the  different 
stimuli  are  made  to  act  under  completely  different  accompanying 
circumstances.  This  implies  of  course  the  necessity  of  parallel 
control  experiments  in  which  the  conditions  under  which  the  two 
stimuli  act  are  the  same. 

7.47.  For  such  experiments  it  would  be  desirable  to  alter  the 
whole  surroundings  and  the  state  of  the  organism  in  which  the 
different  stimuli  were  made  to  act:  one  of  two  stimuU  might,  e.g., 
be  made  to  act  regularly  at  a  particular  time  of  the  day  (say  on 
awakening  in  the  morning)  so  that  it  always  coincided  with  the 
same  phase  of  the  rhythm  of  the  body,  in  a  state  of  restedness, 
warmth  and  inactivity,  immediately  preceding  food  and  in  combi- 
nations with  a  constant  combination  of  colours,  tones,  etc. ;  while 
the  other  stimulus  should  as  regularly  be  made  to  act  in  circum- 
stances which  were  in  all  respects  different  from  those  just  de- 
scribed: say  in  the  late  afternoon,  out  of  doors,  in  a  state  of  con- 
siderable activity  and  exhilaration,  nervous  excitement,  cold  and 
hunger  and  in  combination  with  an  altogether  different  set  of 
visual  and  auditory  perceptions. 

7.48.  In  using  sensory  associations  to  assist  the  discrimination 
between  stimuli,  care  would  have  to  be  taken  not  to  run  counter 
to  well-established  synesthetic  relations  between  the  quaUties  of 
the  different  senses.  The  existence  of  such  synesthetic  relations 
between  two  scales  or  dimensions  of  different  modaUties  might, 
however,  well  be  used  to  transfer  to  the  other  the  finer  distinctions 
which  the  scale  of  the  one  modality  possesses.  Our  inadequate 
knowledge  of  the  character  of  the  stimuli  at  present  probably 
makes  it  impossible  to  use  the  technique  of  differential  thresholds 
with  regard  to  olfaction.  But  as  between  colours  and  tones,  for 
instance,  persons  who  have  the  capacity  of  colour  hearing  might 

^W.  J.  Brogden,  1939,  etc. 
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well  be  tested  on  whether,  by  deliberately  making  connexions  even 
closer,  the  greater  capacity  of  discrimination  which  they  possess 
in  one  sense  can  be  transferred  to  the  other. 

7.49.  It  is  evident  that  such  a  technique  for  the  education  of  the 
senses  might  prove  to  be  of  considerable  practical  importance  and 
should  thus  be  studied  even  apart  from  its  theoretical  significance. 
It  is,  of  course,  more  than  likely  that  in  such  attempts  it  will  be 
found  that  the  crude  approach  suggested  here  is  inadequate  and 
that,  before  much  can  be  accomplished  in  this  direction,  much 
more  knowledge  about  the  nature  of  the  sensory  order,  that  is 
about  the  interrelations  between  the  dimensions  of  the  various 
sense  modalities,  will  have  to  be  acquired. 

7.50.  In  addition  to  such  attempts  to  teach  new  discriminations 
between  stimuli  which  were  already  consciously  perceived  but  not 
distinguished,  the  possibility  should  not  be  overlooked  of  attaching 
conscious  values  to  impulses  which  did  not  possess  them  before.  In 
this  connexion  perhaps  stimuli  acting  inside  the  body  might  offer 
the  most  interesting  field,  and  the  new  techniques  of  deep  heating 
would  seem  to  open  possibilities  which  ought  to  be  explored.  Also 
the  possibility  of  extending  the  range  of  the  more  familiar  senses 
in  this  manner  should  not  be  disregarded.  Although  the  upper  and 
lower  limits  of  the  visible  spectrum  and  the  range  of  audible  sounds 
may  well  be  true  physiological  limits  determined  by  the  nature  of 
the  receptor  organs,  they  may  in  part  be  centrally  determined,  and 
in  this  case  be  alterable  by  training.  The  considerable  inter- 
individual  differences  between  these  limits  rather  suggest  that 
this  may  be  so,  and  even  such  reports  as  that  a  blind  person  has 
acquired  the  capacity  of  smelling  colours^  should  not  be  dismissed 
as  altogether  impossible. 

7.5 1 .  It  is  not  at  all  improbable  that  man  possesses  a  considerable 
number  of  'reflex  senses',  as  the  action  of  the  semicircular  canals 
in  controlHng  balance  has  been  aptly  described,  ^  a  sensitivity  of 
the  body  for  certain  specific  stimuh  to  which  a  specific  response  is 
effected  at  lower  levels,  but  which  have  not  occurred  with  suffi- 
cient regularity  in  the  company  of  particular  other  stimuli  to  give 
them  a  distinct  conscious  quahty.  In  all  such  instances  it  might  be 

ij.  T.  Williams,  1922,  p.  1333.  This  deserves  examination,  especially  in  view  of 
the  recent  conclusions  of  Beck  and  Miles  concerning  the  radiation  character  of 
olfactory  stimulation. 

^E.  Cyon,  quoted  by  E.  G.  Boring,  1942,  p.  544. 
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possible  to  raise  these  impulses  to  a  conscious  level  by  deliberately 
attaching  to  them  that  characteristic  following  which  they  did  not 
have  occasion  to  acquire  in  natural  surroundings. 

4.    POSSIBILITIES    OF    EXPERIMENTAL    REFUTATION 

7.52.  It  will  assist  further  to  define  the  content  of  our  main  thesis 
if  we  state  briefly  the  main  alternative  theories  whose  confirmation 
would  at  the  same  time  disprove  the  theory  here  developed. 

7.53.  Disregarding  all  those  theories  which,  like  parallelism, 
assume  the  existence  of  some  mind-substance  and  which  are  un- 
verifiable  almost  by  definition,  the  first  of  the  alternative  theories 
which  might  be  mentioned  is  that  of  a  cell-memory  or  of  the 
'storage'  of  impressions  in  the  individual  cell,  such  as  underlies 
R.  Semon's  conception  of  the  'engram'.^  This  conception  implies 
of  course,  the  assumption  that  whatever  it  is  that  is  thus  stored 
possesses  by  itself  the  diflferent  attributes  by  which  different  sensory 
qualities  are  distinguished.  Although  it  is  difficult  to  see  how  this 
assumption  could  ever  be  experimentally  verified,  its  confirmation 
would,  of  course,  refute  our  theory  and  in  fact  eliminate  the  problem 
which  the  latter  is  intended  to  solve. 

7.54.  A  more  direct  refutation  of  our  theory  would  be  obtained 
by  the  discovery  of  such  differences  in  the  physical  properties 
transmitted  by  the  different  nerve  fibres  that  these  could  be  said  to 
correspond  to  the  differences  in  the  sensory  quafities  produced  by 
those  impulses — that  is,  if  the  theory  of  the  specific  energy  of 
nerves  in  what  we  have  called  its  illegitimate  interpretation  (1.33) 
should  prove  to  be  correct.  It  was  by  suggesting  the  search  for  such 
physiological  differences  between  the  individual  impulses  that  the 
theoretical  views  widely  held  in  the  past  have  posed  a  problem  to 
physiological  research  to  which,  if  our  view  is  corrdct,  no  answer 
can  be  found. 

7.55.  A  special  modern  form  of  that  theory  is  the  resonance 
theory  developed  (for  efferent  nervous  impulses)  by  P.  Weiss ^ 
which  suggests  that  it  is  not  the  fact  of  a  transmission  of  impulses 
through  special  pathways  but  rather  the  character  of  the  impulses 
in  some  fibres  which  determines  that  similar  impulses  are  being 
set  up  in  other  distant  fibres.  This  view,  if  proved  correct  for 

^R.  Semon,  1909,  19 12. 
^P.  Weiss,  1 94 1. 
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afferent  impulses,  would  also  disprove  most  of  the  present  theory. 
The  same  would  be  true  if  the  views  of  some  modern  gestaltists 
were  confirmed,  who  seem  to  suggest  that  it  is  not  the  topological 
position  of  the  group  of  impulses  in  the  whole  structure  of  con- 
nexions but  the  spatial  configuration ^  of  these  impulses,  irrespec- 
tive of  the  particular  fibres  in  which  they  occur,  which  counts. 
7.56.  Finally  we  might  mention  as  a  conceivable  alternative 
theory,  although  it  seems  doubtful  whether  it  has  ever  been  carried 
to  its  ultimate  consequences,  the  view  that  sensory  discrimination 
is  determined  entirely  by  peripheral  motor  events.  Although  we 
do  certainly  not  wish  to  minimize  the  importance  of  motor  re- 
sponses at  all  the  various  levels  of  the  hierarchy  of  the  central 
nervous  system,  it  is  difficult  to  see  how  they  should  ever  make 
those  central  'symbolic'  or  classificatory  processes  unnecessary 
with  whose  functions  we  were  mainly  concerned. 

iW.  Kohler  and  R.  Held,  1949. 
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CHAPTER  VIII 
PHILOSOPHICAL   CONSEQUENCES 

I.    PRE-SENSORY    EXPERIENCE    AND    PURE    EMPIRICISM 

8. 1 .  If  the  account  of  the  determination  of  mental  quahties  which 
we  have  given  is  correct,  it  would  mean  that  the  apparatus  by 
means  of  which  we  learn  about  the  external  world  is  itself  the 
product  of  a  kind  of  experience  (5. 1-5. 1 6).  It  is  shaped  by  the 
conditions  prevailing  in  the  environment  in  which  we  live,  and 
it  represents  a  kind  of  generic  reproduction  of  the  relations  be- 
tween the  elements  of  this  environment  which  we  have  experienced 
in  the  past;  and  we  interpret  any  new  event  in  the  environment 
in  the  light  of  that  experience.  If  this  conclusion  is  true,  it 
raises  necessarily  certain  important  philosophical  questions  on 
which  in  this  last  chapter  we  shall  attempt  some  tentative  obser- 
vations. 

8.2.  These  consequences  arise  mainly  from  the  role  which  we 
have  assigned  to  the  action  of  the  pre-sensory  experience  or 
'linkages'  in  determining  the  sensory  qualities.  Especially  the 
elimination  of  the  hypothetical  'pure'  or  'primary'  core  of  sensa- 
tions, supposed  not  to  be  due  to  earlier  experience,  but  either  to 
involve  some  direct  communication  of  properties  of  the  external 
objects,  or  to  constitute  irreducible  mental  atoms  or  elements, 
disposes  of  various  philosophical  puzzles  which  arise  from  the 
lack  of  meaning  of  those  hypotheses. 

8.3.  According  to  the  traditional  view,  experience  begins  with 
the  reception  of  sensory  data  possessing  constant  qualities  which 
either  reflect  corresponding  attributes  belonging  to  the  perceived 
external  objects,  or  are  uniquely  correlated  with  such  attributes  of 
the  elements  of  the  physical  world.  These  sensory  data  are  sup- 
posed to  form  the  raw  material  which  the  mind  accumulates  and 
learns  to  arrange  in  various  manners.  The  theory  developed  here 
challenges  the  basic  distinction  implied  in  that  conception:  the 
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distinction  between  sensory  perception  of  given  qualities  and  the 
operations  which  the  intellect  is  supposed  to  perform  on  these  data 
in  order  to  arrive  at  an  understanding  of  the  given  phenomenal 
world  (5.19,  644). 

8.4.  According  to  our  theory,  the  characteristic  attributes  of  the 
sensory  qualities,  or  the  classes  into  which  different  events  are 
placed  in  the  process  of  perception,  are  not  attributes  which  are 
possessed  by  these  events  and  which  are  in  some  manner  'com- 
municated' to  the  mind ;  they  are  regarded  as  consisting  entirely  in 
the  'differentiating'  responses  of  the  organism  by  which  the  quali- 
tative classification  or  order  of  these  events  is  created ;  and  it  is 
contended  that  this  classification  is  based  on  the  connexions 
created  in  the  nervous  system  by  past  linkages.  Every  sensation, 
even  the  'purest',  must  therefore  be  regarded  as  an  interpretation 
of  an  event  in  the  light  of  the  past  experience  of  the  individual  or 
the  species. 

8.5.  The  process  of  experience  thus  does  not  begin  with  sensa- 
tions or  perceptions,  but  necessarily  precedes  them:  it  operates  on 
physiological  events  and  arranges  them  into  a  structure  or  order 
which  becomes  the  basis  of  their  'mental'  significance;  and  the 
distinction  between  the  sensory  qualities,  in  terms  of  which  alone 
the  conscious  mind  can  learn  about  anything  in  the  external 
world,  is  the  result  of  such  pre-sensory  experience.  We  may  express 
this  also  by  stating  that  experience  is  not  a  function  of  mind  or 
consciousness,  but  that  mind  and  consciousness  are  rather  pro- 
ducts of  experience  (2.50). 

8.6.  Every  sensory  experience  of  an  event  in  the  external  world 
is  therefore  likely  to  possess  'attributes'  (or  to  be  in  a  manner  dis- 
tinguished from  other  sensory  events)  to  which  no  similar  attri- 
butes of  the  external  events  correspond.  These  'attributes'  are  the 
significance  which  the  organism  has  learnt  to  assign  to  a  class  of 
events  on  the  basis  of  the  past  associations  of  events  of  this  class 
with  certain  other  classes  of  events.  It  is  only  in  so  far  as  the  ner- 
vous system  has  learnt  thus  to  treat  a  particular  stimulus  as  a 
member  of  a  certain  class  of  events,  determined  by  the  connexions 
which  all  the  corresponding  impulses  possess  with  the  same 
impulses  representing  other  classes  of  events,  that  an  event  can  be 
perceived  at  all,  i.e.,  that  it  can  obtain  a  distinct  position  in  the 
system  of  sensory  quahties. 

8.7.  If  the  distinctions  between  the  different  sensory  qualities  of 

166 


PHILOSOPHICAL  CONSEQUENCES 
which  our  conscious  experience  appears  to  be  built  up  are  thus 
themselves  determined  by  pre-sensory  experiences  (linkages),  the 
whole  problem  of  the  relation  between  experience  and  knowledge 
assumes  a  new  complexion.  So  far  as  experience  in  the  narrow 
sense,  i.e.,  conscious  sensory  experience,  is  meant,  it  is  then  clearly 
not  true  that  all  that  we  know  is  due  to  such  experience.  Ex- 
perience of  this  kind  would  rather  become  possible  only  after 
experience  in  the  wider  sense  of  linkages  has  created  the  order  of 
sensory  quahties — the  order  which  determines  the  qualities  of  the 
constituents  of  conscious  experience. 

8.8.  Sense  experience  therefore  presupposes  the  existence  of  a 
sort  of  accumulated  'knowledge',  of  an  acquired  order  of  the 
sensory  impulses  based  on  their  past  co-occurrence;  and  this 
knowledge,  although  based  on  (pre-sensory)  experience,  can  never 
be  contradicted  by  sense  experiences  and  will  determine  the  forms 
of  such  experiences  which  are  possible. 

8.9.  John  Locke's  famous  fundamental  maxim  of  empiricism  that 
nihil  est  in  intellectu  quod  non  anteafuerit  in  sensu  is  therefore  not  correct 
if  meant  to  refer  to  conscious  sense  experience.  And  it  does  not 
justify  the  conclusion  that  all  we  know  [quod  est  in  intellectu)  must 
be  subject  to  confirmation  or  contradiction  by  sense  experience. 
From  our  explanation  of  the  formation  of  the  order  of  sensory 
qualities  itself  it  would  follow  that  there  will  exist  certain  general 
principles  to  which  all  sensory  experiences  must  conform  (such  as 
that  two  distinct  colours  cannot  be  in  the  same  place) — relations 
between  the  parts  of  such  experiences  which  must  always  be  true. 

8.10.  A  certain  part  at  least  of  what  we  know  at  any  moment 
about  the  external  world  is  therefore  not  learnt  by  sensory  ex- 
perience, but  is  rather  implicit  in  the  means  through  which  we 
can  obtain  such  experience ;  it  is  determined  by  the  order  of  the 
apparatus  of  classification  which  has  been  built  up  by  pre-sensory 
linkages.  What  we  experience  consciously  as  quaHtative  attributes 
of  the  external  events  is  determined  by  relations  of  which  we  are 
not  consciously  aware  but  which  are  implicit  in  these  qualitative 
distinctions,  in  the  sense  that  they  affect  all  that  we  do  in  response 
to  these  experiences. 

8. 1 1 .  All  that  we  can  perceive  is  thus  determined  by  the  order  of 
sensory  qualities  which  provides  the  'categories'  in  terms  of  which 
sense  experience  can  alone  take  place.  Conscious  experience,  in 
particular,  always  refers  to  events  defined  in  terms  of  relations  to 
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other  events  which  do  not  occur  in  that  particular  experience.^ 

8.12.  We  thus  possess  'knowledge'  about  the  phenomenal  world 
which,  because  it  is  in  this  manner  implicit  in  all  sensory  ex- 
perience, must  be  true  of  all  that  we  can  experience  through  our 
senses.  This  does  not  mean,  however,  that  this  knowledge  must 
also  be  true  of  the  physical  world,  that  is,  of  the  order  of  the 
stimuli  which  cause  our  sensations.  While  the  conditions  which 
make  sense  perception  possible — the  apparatus  of  classification 
which  treats  them  as  similar  or  different — must  affect  all  sense 
perception,  it  does  not  for  this  reason  also  govern  the  order  of  the 
events  in  the  physical  world. 

8.13.  It  requires  a  deliberate  effort  to  divest  oneself  of  the  habi- 
tual assumption  that  all  we  have  learned  from  experience  must  be 
true  of  the  external  (physical)  world.  ^  But  since  all  we  can  ever 
learn  from  experience  are  generalizations  about  certain  kinds  of 
events,  and  since  no  number  of  particular  instances  can  ever 
prove  such  a  generalization,  knowledge  based  entirely  on  ex- 
perience may  yet  be  entirely  false.  If  the  significance  which  a 
certain  group  of  stimuli  has  acquired  for  us  is  based  entirely  on  the 
fact  that  in  the  past  they  have  regularly  occurred  in  combination 
with  certain  other  stimuli,  this  may  or  may  not  be  an  adequate 
basis  for  a  classification  which  will  enable  us  to  make  true  pre- 
dictions. We  have  earlier  (5.20-5.24)  given  a  number  of  reasons 
why  we  must  expect  that  the  classifications  of  events  in  the  external 
world  which  our  senses  perform  will  not  strictly  correspond  to  a 
classification  of  these  events  based  solely  on  the  similarity  or  the 
differences  of  their  behaviour  towards  each  other. 

8.14.  While  there  can  thus  be  nothing  in  our  mind  which  is  not 
the  result  of  past  linkages  (even  though,  perhaps,  acquired  not  by 
the  individual  but  by  the  species) ,  the  experience  that  the  classifi- 
cation based  on  the  past  linkages  does  not  always  work,  i.e., 
does  not  always  lead  to  valid  predictions,  forces  us  to  revise 
that  classification  (6.45-6.48).  In  the  course  of  this  process  of 

IK.  Lorenz,  1943,  p.  352. 

^H.  von  Helmholtz,  1910  (1925),  HI,  p.  14:  'Here  we  still  have  to  explain  how 
experience  counteracts  experience,  and  how  illusions  can  be  produced  by 
factors  derived  from  experiences,  when  it  might  seem  as  if  experience  could  not 
teach  anything  except  what  was  true.  In  this  matter  we  must  remember,  as  we 
intimated  above,  that  the  sensations  are  interpreted  just  as  they  arise  when  they 
are  stimulated  in  the  normal  way,  and  when  the  organ  of  sense  is  used  nor- 
mally.' (Italics  ours.) 
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reclassification  we  not  only  establish  new  relations  between  the  data 
given  within  a  fixed  framework  of  reference,  i.e.,  between  the 
elements  of  given  classes:  but  since  the  framework  consists  of  the 
relations  determining  the  classes,  we  are  led  to  adjust  that  frame- 
work itself. 

8.15.  The  reclassification,  or  breaking  up  of  the  classes  formed 
by  the  implicit  relations  which  manifest  themselves  in  our  dis- 
crimination of  sensory  qualities,  and  the  replacement  of  these 
classes  by  new  classes  defined  by  expHcit  relations,  will  occur 
whenever  the  expectations  resulting  from  the  existing  classification 
are  disappointed,  or  when  beliefs  so  far  held  are  disproved  by  new 
experiences.  The  immediate  effects  of  such  conflicting  experiences 
will  be  to  introduce  inconsistent  elements  into  the  model  of  the 
external  world ;  and  such  inconsistencies  can  be  eliminated  only  if 
what  formerly  were  treated  as  elements  of  the  same  class  are  now 
treated  as  elements  of  different  classes  (5.72). 

8.16.  The  reclassification  which  is  thus  performed  by  the  mind 
is  a  process  similar  to  that  through  which  we  pass  in  learning  to 
read  aloud  a  language  which  is  not  spelled  phonetically.  We  learn 
to  give  identical  symbols  different  values  according  as  they  appear 
in  combination  with  different  other  symbols,  and  to  recognize 
different  groups  of  symbols  as  being  equivalent  without  even 
noticing  the  individual  symbols. 

8.17.  While  the  process  of  reclassification  involves  a  change  of 
the  frame  of  reference,  or  of  what  is  a  priori  true  of  all  statements 
which  can  be  made  about  the  objects  defined  with  respect  to  that 
frame  of  reference,  it  alters  merely  the  particular  presuppositions 
of  all  statements,  but  does  not  change  the  fact  that  such  pre- 
suppositions must  be  implied  in  all  statements  that  can  be  made. 
In  fact,  far  from  being  diminished,  the  a  priori  element  will  tend 
to  increase  as  in  the  course  of  this  process  the  various  objects  are 
increasingly  defined  by  explicit  relations  existing  between  them. 

8.18.  The  new  experiences  which  are  the  occasion  of,  and  which 
enter  into,  the  new  classifications  or  definitions  of  objects,  is 
necessarily  presupposed  by  anything  which  we  can  learn  about 
these  objects  and  cannot  be  contradicted  by  anything  which  we 
can  say  about  the  objects  thus  defined.  There  is,  therefore,  on 
every  level,  or  in  every  universe  of  discourse,  a  part  of  our  know- 
ledge which,  although  it  is  the  result  of  experience,  cannot  be 
controlled   by  experience,   because   it   constitutes   the   ordering 
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principle  of  that  universe  by  which  we  distinguish  the  different 
kinds  of  objects  of  which  it  consists  and  to  which  our  statements 
refer. 

8.19.  The  more  this  process  leads  us  away  from  the  immediately 
given  sensory  qualities,  and  the  more  the  elements  described  in 
terms  of  these  qualities  are  replaced  by  new  elements  defined  in 
terms  of  consciously  experienced  relations,  the  greater  becomes 
the  part  of  our  knowledge  which  is  embodied  in  the  definitions  of 
the  elements,  and  which  therefore  is  necessarily  true.  At  the  same 
time  the  part  of  our  knowledge  which  is  subject  to  control  by 
experiences  becomes  correspondingly  smaller. 

8.20.  This  progressive  growth  of  the  tautological  character  of 
our  knowledge  is  a  necessary  consequence  of  our  endeavour  so  to 
readjust  our  classification  of  the  elements  as  to  make  statements 
about  them  true.  We  have  no  choice  but  either  to  accept  the 
classification  effected  by  our  senses,  and  in  consequence  to  be 
unable  correctly  to  predict  the  behaviour  of  the  objects  thus 
defined;  or  to  redefine  the  objects  on  the  basis  of  the  observed 
differences  in  their  behaviour  with  respect  to  each  other,  with  the 
result  that  not  only  the  differences  which  are  the  basis  of  our 
classification  become  necessarily  true  of  the  objects  thus  classified, 
but  also  that  it  becomes  less  and  less  possible  to  say  of  any 
particular  sensory  object  with  any  degree  of  certainty  to  which  of 
our  theoretical  classes  it  belongs. 

8.21.  This  difficulty  does  not  become  too  serious  so  long  as  we 
merely  redefine  a  particular  object  in  relational  terms.  But  as  we 
continue  this  process  of  reclassification,  those  other  objects  must 
in  turn  also  be  redefined  in  a  similar  manner.  In  the  course  of  this 
process  we  are  soon  forced  to  take  into  account  not  only  relations 
existing  between  a  given  object  and  other  objects  which  are 
actually  observed  in  conjunction  with  the  former,  but  also  rela- 
tions which  have  existed  in  the  past  between  that  and  other 
objects,  and  even  relations  which  can  be  described  only  in  hypo- 
thetical terms:  relations  which  might  have  been  observed  between 
this  and  other  objects  in  circumstances  which  did  not  in  fact 
exist  and  which,  if  they  had  existed,  would  not  have  left  the 
identity  of  the  object  unchanged. 

8.22.  Several  chemical  substances  may,  e.g.,  be  completely  in- 
distinguishable to  the  senses  so  long  as  they  remain  in  their  given 
state.    The   reason  why   chemistry   classifies   them   as   difTerent 
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substances  is  that  in  certain  circumstances  and  in  combination  with 
certain  other  substances  they  will  'react'  differently.  But  most  of 
these  chemical  reactions  involve  a  change  in  the  character  of  the 
substance,  so  that  the  identical  quantity  of  a  given  substance, 
which  has  been  tested  for  the  reaction  which  is  the  basis  of  its 
classification,  cannot  be  available  after  it  has  been  estabHshed  to 
which  class  it  belongs.  Only  by  such  unverifiable  assumptions  as 
that  the  quantity  of  the  substance  from  which  we  have  drawn  the 
sample  is  completely  homogeneous,  so  that  what  we  have  found 
out  about  various  samples  applies  also  to  the  rest,  can  we  arrive  at 
the  conclusion  that  the  particular  sensory  object  belongs  to  a 
definite  theoretical  class. 

8.23.  The  sense  data,  or  the  sensory  qualities  of  the  objects  about 
which  we  make  statements,  thus  are  pushed  steadily  further  back; 
and  when  we  complete  the  process  of  defining  all  objects  by 
exphcit  relations  instead  of  by  the  impHcit  relations  inherent  in 
our  sensory  distinctions,  those  sense  data  disappear  completely 
from  the  system.  In  the  end  the  system  of  explicit  definitions  be- 
comes both  all-comprehensive  and  self-contained  or  circular;  all 
the  elements  in  the  universe  are  defined  by  their  relations  to  each 
other,  and  all  we  know  about  that  universe  becomes  contained 
in  those  definitions.  We  should  obtain  a  self-contained  model 
capable  of  reproducing  all  the  combinations  of  events  which  we 
can  observe  in  the  external  world,  but  should  have  no  way  of 
ascertaining  whether  any  particular  event  in  the  external  world 
corresponded  to  a  particular  part  of  our  model. 

8.24.  Science  thus  tends  necessarily  towards  an  ultimate  state 
in  which  all  knowledge  is  embodied  in  the  definitions  of  the 
objects  with  which  it  is  concerned;  and  in  which  all  true  state- 
ments about  these  objects  therefore  are  analytical  or  tautological 
and  could  not  be  disproved  by  any  experience.  The  observation 
that  any  object  did  not  behave  as  it  should  could  then  only  mean 
that  it  was  not  an  object  of  the  kind  it  was  thought  to  be.  With  the 
disappearance  of  all  sensory  data  from  the  system,  laws  (or 
theories)  would  no  longer  exist  in  it  apart  from  the  definitions  of 
the  objects  to  which  they  applied,  and  for  that  reason  could  never 
be  disproved. 

8.25.  Such  a  completely  tautological  or  self-contained  system  of 
knowledge  about  the  world  would  not  be  useless.  It  would  con- 
stitute a  model  of  the  world  from  which  we  could  read  off  what 
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kind  of  events  are  possible  in  that  world  and  what  kind  are  not. 
It  would  often  allow  us,  on  the  basis  of  a  fairly  complete  history 
of  a  particular  sensory  object,  to  state  with  a  high  degree  of 
probability  that  it  fits  into  one  and  only  one  possible  place  in  our 
model,  and  that  in  consequence  it  is  likely  to  behave  in  a  certain 
manner  in  circumstances  which  would  have  to  be  similarly  de- 
scribed. But  it  would  never  enable  us  to  identify  with  certainty  a 
particular  sensory  object  with  a  particular  part  of  our  model,  or 
with  certainty  to  predict  how  the  former  will  behave  in  given 
circumstances. 

8.26.  A  strict  identification  of  any  point  of  our  theoretical  model 
of  the  world  with  a  particular  occurrence  in  the  sensory  world 
would  be  possible  only  if  we  were  in  a  position  to  complete  our 
model  of  the  physical  world  by  including  in  it  a  complete  model  of 
the  working  of  our  brain  (cf.  5.77-5.91) — that  is,  if  we  were  able 
to  explain  in  detail  the  manner  in  which  our  senses  classify  the 
stimuli.  This,  however,  as  will  be  shown  in  section  6  of  this 
chapter,  is  a  task  which  that  same  brain  can  never  accomplish. 

8.27.  In  conclusion  of  this  section  it  should,  perhaps,  be  em- 
phasized that,  in  so  far  as  we  have  been  led  into  opposition  to  some 
of  the  theses  traditionally  associated  with  empiricism,  we  have 
been  led  to  their  rejection  not  from  an  opposite  point  of  view,  but 
on  the  contrary,  by  a  more  consistent  and  radical  application  of  its 
basic  idea.  Precisely  because  all  our  knowledge,  including  the 
initial  order  of  our  different  sensory  experiences  of  the  world,  is 
due  to  experience,  it  must  contain  elements  which  cannot  be 
contradicted  by  experience.  It  must  always  refer  to  classes  of 
elements  which  are  defined  by  certain  relations  to  other  elements, 
and  it  is  valid  only  on  the  assumption  that  these  relations  actually 
exist.  Generalization  based  on  experience  must  refer  to  classes  of 
objects  or  events  and  can  have  relevance  to  the  world  only  in  so 
far  as  these  classes  are  regarded  as  given  irrespective  of  the  state- 
ment itself.  Sensory  experience  presupposes,  therefore,  an  order 
of  experienced  objects  which  precedes  that  experience  and  which 
cannot  be  contradicted  by  it,  though  it  is  itself  due  to  other,  earHer 
experience. 
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2.    PHENOMENALISM    AND    THE    INCONSTANCY    OF    SENSORY 

Q^UALITIES 

8.28.  If  the  classification  of  events  in  the  external  world  effected 
by  our  senses  proves  not  to  be  a  'true'  classification,  i.e.  not  one 
which  enables  us  adequately  to  describe  the  regularities  in  this 
world,  and  if  the  properties  which  our  senses  attribute  to  these 
events  are  not  objective  properties  of  these  individual  events,  but 
merely  attributes  defining  the  classes  to  which  our  senses  assign 
them,  this  means  that  we  cannot  regard  the  phenomenal  world  in 
any  sense  as  more  'real'  than  the  constructions  of  science:  we  must 
assume  the  existence  of  an  objective  world  (or  better,  of  an  objec- 
tive order  of  the  events  which  we  experience  in  their  phenomenal 
order)  towards  the  recognition  of  which  the  phenomenal  order  is 
merely  a  first  approximation.  The  task  of  science  is  thus  to  try  and 
approach  ever  more  closely  towards  a  reproduction  of  this  objec- 
tive order — a  task  which  it  can  perform  only  by  replacing  the 
sensory  order  of  events  by  a  new  and  different  classification.^ 

8.29.  By  saying  that  there  'exists'  an  'objective'  world  different 
from  the  phenomenal  world  we  are  merely  stating  that  it  is  pos- 
sible to  construct  an  order  or  classification  of  events  which  is 
different  from  that  which  our  senses  show  us  and  which  enables  us 
to  give  a  more  consistent  account  of  the  behaviour  of  the  different 
events  in  that  world.  Or,  in  other  words,  it  means  that  our  know- 
ledge of  the  phenomenal  world  raises  problems  which  can  be 
answered  only  by  altering  the  picture  which  our  senses  give  us  of 
that  world,  i.e.  by  altering  our  classification  of  the  elements  of 
which  it  consists.  That  this  is  possible  and  necessary  is,  in  fact,  a 
postulate  which  underlies  all  our  efforts  to  arrive  at  a  scientific 
explanation  of  the  world. 

8.30.  Any  purely  phenomenalistic  interpretation  of  the  task  of 
science,  or  any  attempt  to  reduce  this  task  to  merely  a  complete 
description  of  the  phenomenal  world,  thus  must  break  down 
because  our  senses  do  not  effect  such  a  classification  of  the  dif- 
ferent events  that  what  appears  to  us  as  alike  will  also  always 
behave  in  the  same  manner.  The  basic  thesis  of  phenomenalism 
(and  positivism)  that  'all  phenomena  are  subject  to  invariable  laws'  is 
simply  not  true  if  the  term  phenomenon  is  taken  in  its  strict  mean- 
ing of  things  as  they  appear  to  us. 

^Cf.,  M.  Planck,  1942  (1949),  p.  108. 
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8.31.  The  ideal  of  science  as  merely  a  complete  description  of 
phenomena,  which  is  the  positivist  conclusion  derived  from  the 
phenomenalistic  approach,  therefore  proves  to  be  impossible. 
Science  consists  rather  in  a  constant  search  for  new  classes,  for 
'constructs'  which  are  so  defined  that  general  propositions  about 
the  behaviour  of  their  elements  are  universally  and  necessarily  true. 
For  this  purpose  these  classes  cannot  be  defined  in  terms  of  sensory 
properties  of  the  particular  individual  events  perceived  by  the 
individual  person;  they  must  be  defined  in  terms  of  their  relations 
to  other  individual  events. 

8.32.  Such  a  definition  of  any  class  of  events,  in  terms  of  their 
relations  to  other  classes  of  events  instead  of  in  terms  of  any 
sensory  properties  which  they  individually  possess,  cannot  be  con- 
fined to  the  former,  or  even  to  all  the  events  which  together  con- 
stitute the  complete  situation  existing  at  a  particular  moment.  The 
events  referred  to  in  the  definition  of  those  with  which  we  have 
actually  to  deal  have  to  be  defined  in  a  similar  purely  'relational' 
manner.  The  ultimate  aim  of  this  procedure  must  be  to  define  all 
classes  of  events  exclusively  in  terms  of  their  relations  to  each 
other  and  without  any  reference  to  their  sensory  properties.  It  has 
been  well  said  that  'for  science  an  object  expresses  itself  in  the 
totality  of  relations  possible  between  it  and  other  objects.'^  We 
have  already  seen  (8.24-8.25)  that  such  a  complete  system  of 
explanation  would  necessarily  be  tautological,  because  all  that 
could  be  predicted  by  it  would  necessarily  follow  from  the  defi- 
nitions of  the  objects  to  which  it  referred. 

8.33.  If  the  theory  outlined  here  is  correct,  there  exists  an  even 
more  fundamental  objection  to  any  consistently  phenomenalist 
interpretation  of  science.  It  would  appear  that  not  only  are  the 
events  of  the  world,  if  defined  in  terms  of  their  sensory  attributes, 
not  subject  to  invariable  laws,  so  that  situations  presenting  the 
same  appearance  to  our  senses  may  produce  different  results ;  but 
also  that  the  phenomenal  world  (or  the  order  of  the  sensory 
qualities  from  which  it  is  built  up)  is  itself  not  constant  but  vari- 
able, and  that  it  will  in  some  measure  change  its  appearance  as  a 
result  of  that  very  process  of  reclassification  which  we  must  per- 
form in  order  to  explain  it. 

8.34.  If  it  is  true,  as  we  have  argued,  that  the  'higher'  mental 
activities  are  merely  a  repetition  at  successive  levels  of  processes 

'^Fundamental  Mathematics,  1948,  I,  p.  92. 
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of  classification  of  essentially  the  same  character  as  those  by  which 
the  different  sensory  qualities  have  come  to  be  distinguished  in  the 
first  instance,  it  would  seem  almost  inevitable  that  this  process  of 
reclassification  will  in  some  measure  also  affect  the  distinctions 
between  the  different  sensory  qualities  from  which  it  starts.  The 
nature  of  the  process  by  which  the  difference  between  sensory 
qualities  are  determined  makes  it  probable  that  they  will  remain 
variable  and  that  the  distinctions  between  them  will  be  modified 
by  new  experiences.  This  would  mean  that  the  phenomenal  world 
itself  would  not  be  constant  but  would  be  incessantly  changing  in 
a  direction  to  a  closer  reproduction  of  the  relations  existing  in  the 
physical  world.  If  in  the  course  of  this  process  the  sensory  data 
themselves  alter  their  character,  the  ideal  of  a  purely  descriptive 
science  becomes  altogether  impossible. 

8.35.  That  the  sensory  qualities  which  attach  to  particular 
physical  events  are  thus  in  principle  themselves  variable^  is  no  less 
important  even  though  we  must  probably  regard  them  as  relatively 
stable  compared  with  the  continuous  changes  of  the  scheme  of 
classification  in  terms  of  which  abstract  thought  proceeds,  almost 
certainly  in  so  far  as  the  course  of  the  hfe  of  the  individual  is  con- 
cerned. But  we  should  still  have  to  consider  more  seriously  than 
we  are  wont  to  do,  what  is  amply  confirmed  by  ordinary  experi- 
ence, namely  that  as  a  result  of  the  advance  of  our  explanation 
of  the  world  we  also  come  to  'see'  this  world  differently,  i.e.  that 
we  not  merely  recognize  new  laws  which  connect  the  given 
phenomena,  but  that  these  events  are  themselves  likely  to  change 
their  appearance  to  us. 

8.36.  Such  variations  of  the  sensory  qualities  attributed  to  given 
events  could,  of  course,  never  be  ascertained  by  direct  compari- 
sons of  past  and  present  sensations,  since  the  memory  images  of 
past  sensations  would  be  subject  to  the  same  changes  as  the  current 
sensations.  The  only  possibility  of  testing  this  conclusion  would  be 
provided  by  experiments  with  discrimination  such  as  have  been 
suggested  in  the  preceding  chapter  (7.38-7.51). 

8.37.  It  deserves,  perhaps,  to  be  mentioned  that,  although  the 

^This  changeability  of  the  sensory  quahties  apparently  was  already  recognized 
by  Protagoras,  who  according  to  Sextus  Empiricus  taught  that  the  sensations 
'are  transformed  and  altered  according  to  the  times  of  life  and  to  all  the  other 
conditions  of  the  body.'  Outlines  of  Pyrrhotiianism,  translation  R.  G,  Bury,  Loeb 
Classical  Library,  I,  Book  I,  218. 
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theory  developed  here  was  suggested  in  the  first  instance  by  the 
psychological  views  which  Ernst  Mach  has  outlined  in  his  Analysis 
of  Sensations  and  elsewhere,  its  systematic  development  leads  to  a 
refutation  of  his  and  similar  phenomenalist  philosophies:  by  des- 
troying the  conception  of  elementary  and  constant  sensations  as 
ultimate  constituents  of  the  world,  it  restores  the  necessity  of  a 
belief  in  an  objective  physical  world  which  is  different  from  that 
presented  to  us  by  our  senses.^ 

8.38.  Similar  considerations  apply  to  the  views  expounded  on 
these  matters  by  William  James,  John  Dewey  and  the  American 
realists  and  developed  by  Bertrand  Russell.  The  latter's  view 
according  to  which  'the  stuff  of  the  world'  consists  of 'innumerable 
transient  particulars'  such  as  a  patch  of  colour  which  is  'both 
physical  and  psychical'  in  fact  is  explicitly  based  on  the  assump- 
tion that  'sensations  are  what  is  common  to  the  mental  and  the 
physical  world',  and  that  their  essence  is  'their  independence  from 
past  experience'.  The  whole  of  this  'neutral  monism'  seems  to  be 
based  on  entirely  untenable  psychological  conceptions.  ^ 

8.39,  Another  interesting  consequence  following  from  our  theory 
is  that  a  stimulus  whose  occurrence  in  conjunction  with  other 
stimuli  showed  no  regularities  whatever  could  never  be  perceived 
by  our  senses  (6.36).  This  would  seem  to  mean  that  we  can  know 
only  such  kinds  of  events  as  show  a  certain  degree  of  regularity  in 
their  occurrence  in  relations  with  others,  and  that  we  could  not 
know  anything  about  events  which  occurred  in  a  completely 
irregular  manner.  The  fact  that  the  world  which  we  know  seems 
wholly  an  orderly  world  may  thus  be  merely  a  result  of  the  method 
by  which  we  perceive  it.  Everything  which  we  can  perceive  we 
perceive  necessarily  as  an  element  of  a  class  of  events  which  obey 
certain  regularities.  There  could  be  in  this  sense  no  class  of  events 
showing  no  regularities,  because  there  would  be  nothing  which 
could  constitute  them  for  us  into  a  distinct  class. 


^Cf.,  K.  Koffka,  1935,  p.  63:  'Mach  was  an  excellent  psychologist,  who  saw 
many  of  the  most  fundamental  problems  of  psychology  which,  a  whole  genera- 
tion later,  many  psychologists  failed  even  to  understand;  at  the  same  time  he 
had  a  philosophy  which  made  it  impossible  to  give  fruitful  solutions  to  these 
problems.' 
^B.  Russell,  192 1,  p.  144. 

176 


PHILOSOPHICAL  CONSEQUENCES 

3.    DUALISM    AND    MATERIALISM 

8.40.  Because  the  account  of  the  determination  of  mental  quali- 
ties which  has  been  given  here  explains  them  by  the  operation  of 
processes  of  the  same  kind  as  those  which  we  observe  in  the  ma- 
terial world,  it  is  likely  to  be  described  as  a  'materialistic'  theory. 
Such  a  description  in  itself  would  matter  very  little  if  it  were  not 
for  certain  erroneous  ideas  associated  with  the  term  materialism 
which  not  only  would  prejudice  some  people  against  a  theory  thus 
described  but,  what  is  more  important,  would  also  suggest  that  it 
implies  certain  conclusions  which  are  almost  the  opposite  of  those 
which  in  fact  follow  from  it.  In  the  true  sense  of  the  word  'material- 
istic' it  might  even  be  argued  that  our  theory  is  less  materialistic  than 
the  dualistic  theories  which  postulate  a  distinct  mind  'substance'. 

8.41.  The  dualistic  theories  are  a  product  of  the  habit,  which 
man  has  acquired  in  his  early  study  of  nature,  of  assuming  that 
in  every  instance  where  he  observed  a  peculiar  and  distinct  pro- 
cess it  must  be  due  to  the  presence  of  a  corresponding  peculiar  and 
distinct  substance.  The  recognition  of  such  a  peculiar  material 
substance  came  to  be  regarded  as  an  adequate  explanation  of  the 
process  produced. 

8.42.  It  is  a  curious  fact  that,  although  in  the  realm  of  nature  in 
general  we  no  longer  accept  as  an  adequate  explanation  the  postu- 
late of  a  peculiar  substance  possessing  the  capacity  of  producing 
the  phenomena  we  wish  to  explain,  we  still  resort  to  this  old  habit 
where  mental  events  are  concerned.  The  mind  'stuff'  or  'sub- 
stance' is  a  conception  formed  in  analogy  to  the  different  kinds  of 
matter  supposedly  responsible  for  the  different  kinds  of  material 
phenomena.  It  is,  to  use  an  old  term  in  its  Uteral  sense,  the  result 
of  a  'hylomorphic'  manner  of  thinking.  Yet  in  whatever  manner 
we  define  substance,  to  think  of  mind  as  a  substance  is  to  ascribe 
to  mental  events  some  attributes  for  whose  existence  we  have  no 
evidence  and  which  we  postulate  solely  on  the  analogy  of  what  we 
know  of  material  phenomena.^ 

8.43.  In  the  strict  sense  of  the  terms  employed  an  account  of 
mental  phenomena  which  avoids  the  conception  of  a  distinct 
mental  substance  is  therefore  the  opposite  of  materialistic,  because 
it  does  not  attribute  to  mind  any  property  which  we  derive  from 

^This  seems  to  me  to  be  true  in  spite  of  the  efforts  of  C.  D.  Broad,  1925,  to 
give  'substance'  a  meaning  independent  of  its  material  connotations.  On  the 
mind  substance  theory  see  now  G.  Ryle,  1949. 
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our  acquaintance  with  matter.  In  being  content  to  regard  mind  as 
a  peculiar  order  of  events,  different  from  the  order  of  events  which 
we  encounter  in  the  physical  world,  but  determined  by  the  same 
kind  of  forces  as  those  that  rule  in  that  world,  it  is  indeed  the  only 
theory  which  is  not  materialistic.  ^ 

8.44.  Superficially  there  may  seem  to  exist  a  closer  connexion 
between  the  theory  presented  here  and  the  so-called  'double 
aspect  theories'  of  the  relations  between  mind  and  body.  To 
scribe  our  theory  as  such,  however,  would  be  misleading.  What 
could  be  regarded  as  the  'physical  aspect'  of  this  double-faced 
entity  would  not  be  the  individual  neural  processes  but  only  the 
complete  order  of  all  these  processes ;  but  this  order,  if  we  knew  it 
in  full,  would  then  not  be  another  aspect  of  what  we  know  as 
mind  but  would  be  mind  itself  We  cannot  directly  observe  how 
this  order  is  formed  by  its  physical  elements,  but  can  only  infer  it. 
But  if  we  could  complete  the  theoretical  reconstruction  of  this  order 
from  its  elements  and  then  disregard  all  the  properties  of  the  elements 
which  are  not  relevant  to  the  existence  of  this  order  as  a  whole,  we 
should  have  a  complete  description  of  the  order  we  call  mind — -just 
as  in  describing  a  machine  we  can  disregard  many  properties  of 
its  parts,  such  as  their  colour,  and  consider  only  those  which  are  essen- 
tial to  the  functioning  of  the  machine  as  a  whole.  (Cf.  2.28-2.30.) 

8.45.  This  order  which  we  call  mind  is  thus  the  order  prevailing 
in  a  particular  part  of  the  physical  universe — that  part  of  it  which 
is  ourselves.  It  is  an  order  which  we  'know'  in  a  way  which  is 
different  from  the  manner  in  which  we  know  the  order  of  the 
physical  universe  around  us.  What  we  have  tried  to  do  here  is  to 
show  that  the  same  kind  of  regularities  which  we  have  learnt  to 
discover  in  the  world  around  us  are  in  princple  also  capable  of 
building  up  an  order  like  that  constituting  our  mind.  That  such  a 
kind  of  sub-order  can  be  formed  within  that  order  which  we  have 
discovered  in  the  external  universe  does  not  yet  mean,  however, 
that  we  must  be  able  to  explain  how  the  particular  order  which  con- 
stitutes our  mind  is  placed  in  that  more  comprehensive  order.  In 
order  to  achieve  this  it  would  be  necessary  to  construct,  with  special 

^Cf.,  A'^.  Metzger,  1941,  p.  23:  'Diese,  im  eigentlich  Sinn  "materialistische" 
Auffassung  .  .  .  lebt  in  der  Psychologic  bis  an  die  Schwelle  unserer  Zeit  fort:  in 
der  AUtagspsychologie  in  der  kaum  ausrottbaren  Ansicht  von  der  Seele  als 
zweitem,  stofflichen  Etwas,  das  mit  dem  Korper  wahrend  des  Lebens  "ver- 
bunden  sei",  in  ihm  wohne  .  .  .' 
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reference  to  the  human  mind,  a  detailed  reproduction  of  the  model- 
object  relation  which  it  involves  such  as  we  have  sketched  schem- 
atically before  in  order  to  illustrate  the  general  principle  (5.7 7-5.9 1) . 

8.46.  While  our  theory  leads  us  to  deny  any  ultimate  dualism  of 
the  forces  governing  the  realms  of  mind  and  that  of  the  physical 
world  respectively,  it  forces  us  at  the  same  time  to  recognize  that 
for  practical  purposes  we  shall  always  have  to  adopt  a  dualistic 
view.  It  does  this  by  showing  that  any  explanation  of  mental 
phenomena  which  we  can  hope  ever  to  attain  cannot  be  sufficient 
to  'unify'  all  our  knowledge,  in  the  sense  that  we  should  become 
able  to  substitute  statements  about  particular  physical  events  (or 
classes  of  physical  events)  for  statements  about  mental  events  with- 
out thereby  changing  the  meaning  of  the  statement. 

8.47.  In  this  specific  sense  we  shall  never  be  able  to  bridge  the 
gap  between  physical  and  mental  phenomena;  and  for  practical 
purposes,  including  in  this  the  procedure  appropriate  to  the  dif- 
ferent sciences,  we  shall  permanently  have  to  be  content  with  a 
dualistic  view  of  the  world.  This,  however,  raises  a  further  prob- 
lem which  must  be  more  systematically  considered  in  the  remain- 
ing sections  of  this  chapter. 

4.    THE    NATURE    OF    EXPLANATION 

8.48.  What  remains  now  is  to  restate  briefly  what  the  theory  out- 
lined in  the  preceding  pages  is  meant  to  explain,  and  how  far  it 
can  be  expected  to  account  for  particular  mental  processes.  This 
makes  it  necessary  to  make  more  precise  than  we  have  yet  done 
what  we  mean  by  'explanation'.  This  is  a  peculiarly  relevant 
question  since  'explanation'  is  itself  one  of  the  mental  processes 
which  the  theory  intends  to  explain. 

8.49.  It  has  been  suggested  before  (5.44-5.48)  that  explanation 
consists  in  the  formation  in  the  brain  of  a  'model'  of  the  complex 
of  events  to  be  explained,  a  model  the  parts  of  which  are  defined 
by  their  position  in  a  more  comprehensive  structure  of  relation- 
ships which  constitutes  the  semi-permanent  framework  from  which 
the  representations  of  individual  events  receive  their  meaning. 

8.50.  This  notion  of  the  'model',  which  the  brain  is  assumed  to  be 
capable  of  building,  has,  of  course,  been  often  used  in  this  con- 
nexion,^ and  by  itself  it  does  not  get  us  very  far.  Indeed,  if  it  is 
^See  particularly  K.J.  W.  Craik,  1943,  and  K.  Lorenz,  1943,  pp.  343  and  351. 
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conceived,  as  is  usually  the  case,  as  a  separate  model  of  the  par- 
ticular phenomenon  to  be  explained,  it  is  not  at  all  clear  what  is 
meant  by  it.  The  analogy  with  a  mechanical  model  is  not  directly 
applicable.  A  mechanical  model  derives  its  significance  firom  the 
fact  that  the  properties  of  its  individual  parts  are  assumed  to  be 
known  and  in  some  respects  to  correspond  to  the  properties  of  the 
parts  of  the  phenomenon  which  it  reproduces.  It  is  from  this  know- 
ledge of  the  different  properties  of  the  parts  that  we  derive  our 
knowledge  of  how  the  particular  combination  of  these  parts  will 
function. 

8.51.  In  general,  the  possibility  of  forming  a  model  which  ex- 
plains anything  presupposes  that  we  have  at  our  disposal  distinct 
elements  whose  action  in  different  circumstances  is  known  irres- 
pective of  the  particular  model  in  which  we  use  them.  In  the  case 
of  a  mechanical  model  it  is  the  physical  properties  of  the  individual 
parts  which  are  supposed  to  be  known.  In  a  mathematical  'model' 
the  'properties'  of  the  parts  are  defined  by  functions  which  show 
the  values  they  will  assume  in  different  circumstances,  and  which 
are  capable  of  being  combined  into  various  systems  of  equations 
which  constitute  the  models. 

8.52.  The  weakness  of  the  ordinary  use  of  the  concept  of  the 
model  as  an  account  of  the  process  of  explanation  consists  in  the 
fact  that  this  conception  presupposes,  but  does  not  explain,  the 
existence  of  the  different  mental  entities  from  which  such  a  model 
could  be  built.  It  does  not  explain  in  what  sense  or  in  which 
manner  the  parts  of  the  model  correspond  to  the  parts  of  the 
original,  or  what  are  the  properties  of  the  elements  from  which  the 
model  is  built. 

8.53.  The  concept  of  a  model  that  is  being  formed  in  the  brain 
is  helpful  only  after  we  have  succeeded  in  accounting  for  the 
different  properties  of  the  parts  from  which  it  is  built.  Such  an 
account  is  provided  by  the  explanation  of  the  determination  of 
sensory  (and  other  mental)  qualities  by  their  position  in  the  more 
comprehensive  semi-permanent  structure  of  relationships,  the 
'map'  of  the  world  which  past  experience  has  created  in  the  brain, 
which  has  been  described  in  the  preceding  pages.  It  is  the  position 
of  the  impulse  in  the  connected  network  of  fibres  which  brings  it 
about  that  its  occurrence  together  with  other  impulses  will  pro- 
duce certain  further  impulses.  The  formation  of  the  model  appears 
thus  merely  a  particular  case  of  that  process  of  joint  or  simultaneous 
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classification  of  a  group  of  impulses  of  which  each  has  its  deter- 
mined   significance   apart  from  the  particular  combination  or 
model  in  which  it  now  occurs. 

8.54.  We  can  schematically  represent  this  process  of  joint  classi- 
fication which  produces  a  model  in  the  following  manner:  the 
different  elements,  the  mental  qualities  from  which  the  model  is 
built,  are  classes  of  impulses  which  we  may  call  A,  B,  C,  etc.,  and 
which  are  defined  as  an  a  (member  of  A)  producing  x  (and  per- 
haps some  other  impulses)  when  it  occurs  in  company  with 
0,  p,  .  .  .,  but  producing  v,  z,  •  •  -  when  it  occurs  in  company  with 
r,  s,  .  .  .  etc.,  etc.,  and  similarly  for  all  members  of  the  classes 
B,  C,  etc.  In  this  definition  any  given  class  of  impulses  may,  of 
course,  occur  both  in  a  'primary'  character,  that  is  as  an  element 
of  a  class  to  be  defined  by  the  impulses  which  any  element  of  this 
class  will  evoke,  and  in  a  'secondary'  character  as  an  evoked 
impulse  which  determines  the  class  to  which  some  other  impulses 
belong.  (3.38,  3.55ff.)  Impulses  of  the  class  A  will  appear  not  only 
in  statements  like  'if  (a,  0,  p)  then  x'  and  'if  (a,  r,  s)  then(jv,  z  -  -  -), 
but  also  in  statements  like  'if  {b,  c,  q)  then  (<2,  t)  etc. 

8.55.  Given  such  a  determination  of  the  different  significance  of 
impulses  of  the  different  classes,  it  follows  that  any  given  combi- 
nation of  such  impulses  will  produce  impulses  standing  for  other 
classes,  and  these  in  turn  others,  and  so  on,  somewhat  as  in  the 
following  schematic  representation: 
a  ^ 
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8.56.  The  particular  result  produced  is  thus  recognized  to  be  the 
effect  of  the  simultaneous  occurrence  of  certain  elements  in  a 
particular  constellation  which,  if  we  had  known  of  their  presence, 
would  have  enabled  us  to  predict  the  result.  Once  we  have  formed 
such  a  model  we  are  in  a  position  to  say  on  which  of  the  various 
elements  in  the  actual  situation  the  observed  result  depends,  and 
how  it  would  be  modified  if  any  of  these  elements  were  changed ; 
this  is  what  an  explanation  enables  us  to  do. 

5.    EXPLANATION    OF    THE    PRINCIPLE 

8.57.  It  follows  from  what  has  been  said  so  far  about  explanation 
that  it  will  always  refer  to  classes  of  events,  and  that  it  will  account 
only  for  those  properties  which  are  common  to  the  elements  of  the 
class.  Explanation  is  always  generic  in  the  sense  that  it  always 
refers  to  features  which  are  common  to  all  phenomena  of  a  certain 
kind,  and  it  can  never  explain  everything  to  be  observed  on  a 
particular  set  of  events. 

8.58.  But  although  all  explanation  must  refer  to  the  common 
features  of  a  class  of  phenomena,  there  are  evidently  different 
degrees  to  which  an  explanation  can  be  general,  or  to  which  it 
may  approach  to  a  full  explanation  of  a  particular  set  of  events.  The 
model  may  reproduce  only  the  few  common  features  of  a  great 
variety  of  phenomena,  or  it  may  reproduce  a  much  larger  number 
of  features  common  to  a  smaller  number  of  instances.  In  general, 
it  will  be  true  that  the  simpler  the  model,  the  wider  will  be  the 
range  of  particular  phenomena  of  which  it  reproduces  one  aspect, 
and  the  more  complex  the  model,  the  more  will  its  range  of  appli- 
cation be  restricted.^  In  this  respect  the  relation  of  the  model  to  the 
object  is  similar  to  that  between  the  connotation  and  the  denota- 
tion (or  the  'intension'  and  the  'extension')  of  a  concept. 

8.59.  Most  explanations  (or  theories)  with  which  we  are  familiar 
are  intended  to  show  a  common  principle  which  operates  in  a 
large  number  of  particular  instances  which  in  other  respects  may 
differ  widely  from  each  other.  We  have  referred  already  earlier 
(2. 1 8-2. 1 9)  to  such  explanations  as  'explanations  of  the  principle'.  ^ 
The  difference  between  such  'explanations  of  the  principle'  and 
more  detailed  explanations  is,  of  course,  merely  one  of  the  degree 

^Cf.j  M.  Petrovitch,  1^21,  passim. 
^See  also  F.  A.  Hayek,  1942,  p.  290. 
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of  their  generality,  and  strictly  speaking  no  explanation  can  be 
more  than  an  explanation  of  the  principle.  It  will  be  convenient, 
however,  to  reserve  the  name  'explanation  of  the  principle'  for 
explanations  of  a  high  degree  of  generahty,  and  to  contrast  them 
with  explanations  of  the  detail. 

8.60.  The  usual  kind  of  explanation  which  we  give,  e.g.,  of  the 
functioning  of  a  clock\vork,  will  in  our  sense  be  merely  an  explana- 
tion of  the  principle.  It  will  merely  show  how  the  kind  of  pheno- 
mena which  w^e  call  clockworks  are  produced:  the  manner  in 
which  a  pair  of  hands  can  be  made  to  revolve  at  constant  speeds, 
etc.  In  the  same  'general'  way  most  of  us  are  familiar  with  the 
principles  on  which  a  steam  engine,  an  atomic  bomb,  or  certain 
kinds  of  simple  organisms  function,  without  therefore  necessarily 
being  able  to  give  a  sufficiently  detailed  explanation  of  any  one  of 
these  objects  so  that  we  should  be  able  to  construct  it  or  precisely 
to  predict  its  behaviour.  Even  where  we  are  able  to  construct  one 
of  these  objects,  say  a  clockwork,  the  knowledge  of  the  principle 
involved  will  not  be  sufficient  to  predict  more  than  certain  general 
aspects  of  its  operation.  We  should  never  be  able,  for  instance, 
before  we  have  built  it,  to  predict  precisely  how  fast  it  will  move 
or  precisely  where  its  hands  will  be  at  a  particular  moment  of 
time. 

8.61.  If  in  general  we  are  not  more  aware  of  this  distinction  be- 
tween explanations  merely  of  the  principle  and  more  detailed 
explanations,  this  is  because  usually  there  will  be  no  great  diffi- 
culty about  elaborating  any  explanation  of  the  principle  so  as  to 
make  it  approximate  to  almost  any  desired  degree  to  the  circum- 
stances of  a  particular  situation.  By  increasing  the  complexity  of 
the  model  we  can  usually  obtain  a  close  reproduction  of  any  par- 
ticular feature  in  which  we  are  interested. 

8.62.  The  distinction  between  the  explanation  of  the  principle 
on  which  a  wide  class  of  phenomena  operate  and  the  more  de- 
tailed explanation  of  particular  phenomena  is  reflected  in  the 
famihar  distinction  between  the  'theoretical'  and  the  more 
'apphed'  parts  of  the  different  sciences.  'Theoretical  physics', 
'theoretical  chemistry'  or  'theoretical  biology'  are  concerned  wdth 
the  explanation  of  the  principles  common  to  all  phenomena  which 
we  caU  physical,  chemical  or  biological. 

8.63.  Strictly  speaking  we  should,  of  course,  not  be  entitled  to 
speak  at  all  of  phenomena  of  a  certain  kind  unless  we  know  some 
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common  principles  which  apply  to  the  explanation  of  the  pheno- 
mena of  that  kind.  The  various  ways  in  which  atoms  are  combined 
into  molecules,  e.g.,  constitute  the  common  principles  of  all  the 
phenomena  which  we  call  chemical.  It  is  quite  possible  that  an 
observed  phenomenon,  supposed  to  be,  say,  chemical,  such  as  a 
change  in  the  colour  of  a  certain  substance,  may  on  investigation 
prove  to  be  an  event  of  a  different  kind,  e.g.,  an  optical  event,  such 
as  a  change  in  the  light  falling  on  the  substance. 

8.64.  While  it  is  true  that  a  theoretical  class  of  phenomena  can  be 
definitely  established  only  after  we  have  found  a  common  prin- 
ciple of  explanation  applying  to  all  its  members,  that  is,  a  model 
of  high  degree  of  generality  reproducing  the  features  they  all  have 
in  common,  we  will  yet  often  know  of  a  range  of  phenomena  which 
seem  to  be  similar  in  some  respect  and  where  we  therefore  expect 
to  find  a  common  principle  of  explanation  without,  however,  as 
yet  knowing  such  a  principle.  The  difference  between  such  prima 
facie  or  'empirical'  classes  of  phenomena,  and  the  theoretical 
classes  derived  from  a  common  principle  of  explanation,  is  that 
the  empirical  class  is  limited  to  phenomena  actually  observed, 
while  the  theoretical  class  enables  us  to  define  the  range  over 
which  phenomena  of  the  kind  in  question  may  vary. 

8.65.  The  class  of  events  which  we  call  'mental'  has  so  far  on  the 
whole  been  an  empirical  class  in  this  sense.  What  has  been 
attempted  here  might  be  described  as  a  sketch  of  a  'theoretical 
psychology'  in  the  same  sense  in  which  we  speak  of  theoretical 
physics  or  theoretical  biology.  We  have  attempted  an  explanation 
of  the  principle  by  which  we  may  account  for  the  peculiarities 
which  are  common  to  all  processes  which  are  commonly  called 
mental.  The  question  which  arises  now  is  how  far  in  the  sphere  of 
mental  processes  we  can  hope  to  develop  the  explanation  of  the 
principle  into  more  detailed  explanations,  especially  into  explana- 
tions that  would  enable  us  to  predict  the  course  of  particular 
mental  events. 

6.    THE    LIMITS    OF    EXPLANATION 

8.66.  It  is  by  no  means  always  and  necessarily  true  that  the 
achievement  of  an  explanation  of  the  principle  on  which  the 
phenomena  of  a  certain  class  operate  enables  us  to  proceed  to 
explanations  of  the  more  concrete  detail.  There  are  several  fields 
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in  which  practical  difRcuhies  prevent  us  from  thus  elaborating 
known  explanations  of  the  principle  to  the  point  where  they  would 
enable  us  to  predict  particular  events.  This  is  often  the  case  when 
the  phenomena  are  very  complex,  as  in  meteorology  or  biology;  in 
these  instances,  the  number  of  variables  which  would  have  to  be 
taken  into  account  is  greater  than  that  which  can  be  ascertained 
or  effectively  manipulated  by  the  human  mind.  While  we  may, 
e.g.,  possess  full  theoretical  knowledge  of  the  mechanism  by  which 
waves  are  formed  and  propagated  on  the  surface  of  water,  we  shall 
probably  never  be  able  to  predict  the  shape  and  movements  of  the 
wave  that  will  form  on  the  ocean  at  a  particular  place  and  moment 
of  time. 

8.67.  Apart  from  these  practical  limits  to  explanation,-  which  we 
may  hope  continuously  to  push  further  back,  there  also  exists, 
however,  an  absolute  limit  to  what  the  human  brain  can  ever 
accomplish  by  way  of  explanation — a  limit  which  is  determined 
by  the  nature  of  the  instrument  of  explanation  itself,  and  which  is 
particularly  relevant  to  any  attempt  to  explain  particular  mental 
processes. 

8.68.  If  our  account  of  the  process  of  explanation  is  correct,  it 
would  appear  that  any  apparatus  or  organism  which  is  to  perform 
such  operations  must  possess  certain  properties  determined  by  the 
properties  of  the  events  which  it  is  to  explain.  If  explanation 
involves  that  kind  of  joint  classification  of  many  elements  which  we 
have  described  as  'model-building',  the  relation  between  the  ex- 
plaining agent  and  the  explained  object  must  satisfy  such  formal 
relations  as  must  exist  between  any  apparatus  of  classification  and 
the  individual  objects  which  it  classifies.  (Cf.  5.77-5-91  •) 

8.69.  The  proposition  which  we  shall  attempt  to  establish  is  that 
any  apparatus  of  classification  must  possess  a  structure  of  a  higher 
degree  of  complexity  than  is  possessed  by  the  objects  which  it 
classifies ;  and  that,  therefore,  the  capacity  of  any  explaining  agent 
must  be  limited  to  objects  with  a  structure  possessing  a  degree  of 
complexity  lower  than  its  own.  If  this  is  correct,  it  means  that  no 
explaining  agent  can  ever  explain  objects  of  its  own  kind,  or  of  its 
own  degree  of  complexity,  and,  therefore,  that  the  human  brain 
can  never  fully  explain  its  own  operations.  This  statement  pos- 
sesses, probably,  a  high  degree  of  prima  facie  plausibility.  It  is, 
however,  of  such  importance  and  far-reaching  consequences,  that 
we  must  attempt  a  stricter  proof. 
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8.70.  We  shall  attempt  such  a  demonstration  at  first  for  the 
simple  processes  of  classification  of  individual  elements,  and  later 
apply  the  same  reasoning  to  those  processes  of  joint  classification 
which  we  have  called  model-building.  Our  first  task  must  be  to 
make  clear  what  we  mean  when  we  speak  of  the  'degree  of  com- 
plexity' of  the  objects  of  classification  and  of  the  classifying  appara- 
tus. What  we  require  is  a  measure  of  this  degree  of  complexity 
which  can  be  expressed  in  numerical  terms. 

8.71.  So  far  as  the  objects  of  classification  are  concerned,  it  is 
necessary  in  the  first  instance  to  remember  that  for  our  purposes 
we  are  not  interested  in  all  the  properties  which  a  physical  object 
may  possess  in  an  objective  sense,  but  only  in  those  'properties' 
according  to  which  these  objects  are  to  be  classified.  For  our  pur- 
poses the  complete  classification  of  the  object  is  its  complete 
definition,  containing  all  that  with  which  we  are  concerned  in 
respect  to  it. 

8.72.  The  degree  of  complexity  of  the  objects  of  classification 
may  then  be  measured  by  the  number  of  different  classes  under 
which  it  is  subsumed,  or  the  number  of  different  'heads'  under 
which  it  is  classified.  This  number  expresses  the  maximum  number 
of  points  with  regard  to  which  the  response  of  the  classifying 
apparatus  to  this  object  may  differ  from  its  responses  to  any  one 
other  object  which  it  is  also  capable  of  classifying.  If  the  object  in 
question  is  classified  under  n  heads,  it  can  evidently  differ  from 
any  one  other  object  that  is  classified  by  the  same  apparatus  in  n 
different  ways. 

8.73.  In  order  that  the  classifying  apparatus  should  be  able  to 
respond  differently  to  any  two  objects  which  are  classified  dif- 
ferently under  any  one  of  these  n  heads,  this  apparatus  will  clearly 
have  to  be  capable  of  distinguishing  between  a  number  of  classes 
much  larger  than  71.  If  any  individual  object  may  or  may  not 
belong  to  any  one  of  the  n  classes  A,B,C,...  JV,  and  if  all  individual 
objects  differing  from  each  other  in  their  membership  of  any  one 
of  these  classes  are  to  be  treated  as  members  of  separate  classes, 
then  the  number  of  different  classes  of  objects  to  which  the  classi- 
fying apparatus  will  have  to  be  able  to  respond  differently  will, 
according  to  a  simple  theorem  of  combinatorial  analysis,  have  to 
be  2""+'. 

8.74.  The  number  of  different  responses  (or  groups  of  responses), 
of  which  the  classifying  apparatus  is  capable,  or  the  number  of 
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different  classes  it  is  able  to  form,  will  thus  have  to  be  of  a  definitely 
higher  order  of  magnitude  than  the  number  of  classes  to  which  any 
individual  object  of  classification  can  belong.  This  remains  true 
when  many  of  the  individual  classes  to  which  a  particular  object 
belongs  are  mutually  exclusive  or  disjunct,  so  that  it  can  belong 
only  to  either  y4 1  or  J  2  or  ^  3  .  .  .  and  to  either  5  ^  or  i?  2  or  5  a  .  .  • 
etc.  If  in  such  a  case  the  number  of  variable  'attributes'  which  dis- 
tinguish elements  of  ^  1  from  elements  of  yl  2  and  of  A  3,  and  ele- 
ments of  ^1  from  those  of  B  ^^nd  B  s,  etc.,  is  m  and  each  of  these  m 
different  variable  attributes  may  assume  n  different  'values', 
although  any  one  element  will  belong  to  at  most  m  different 
classes,  the  number  of  distinct  combinations  of  attributes  to  which 
the  classifying  apparatus  will  have  to  respond  will  still  be  equal  to 

8.75.  In  the  same  way  in  which  we  have  used  the  number  of 
different  classes  to  which  any  one  element  can  be  assigned  as  the 
measure  of  the  degree  of  its  complexity,  we  can  use  the  number  of 
different  classes  to  which  the  classifying  apparatus  will  have  to 
respond  differently  as  the  measure  of  complexity  of  that  apparatus. 
It  is  evidently  this  number  which  indicates  the  variety  of  ways  in 
which  any  one  scheme  of  classification  for  a  given  set  of  elements 
may  differ  from  any  other  scheme  of  classification  for  the  dif- 
ferent schemes  of  classification  which  can  be  applied  to  the  given 
set  of  elements.  Such  a  scheme  for  classifying  the  different  possible 
schemes  of  classification  would  in  turn  have  to  possess  a  degree  of 
complexity  as  much  greater  than  that  of  any  of  the  latter  as  their 
degree  of  complexity  exceeds  the  complexity  of  any  one  of  the 
elements. 

8.76.  What  is  true  of  the  relationship  between  the  degree  of  com- 
plexity of  the  different  elements  to  be  classified  and  that  of  the 
apparatus  which  can  perform  such  classification,  is,  of  course, 
equally  true  of  that  kind  of  joint  or  simultaneous  classification 
which  we  have  called  'model-building'.  It  differs  from  the  classi- 
fication of  individual  elements  merely  by  the  fact  that  the  range  of 
possible  differences  between  different  constellations  of  such  ele- 
ments is  already  of  a  higher  order  of  magnitude  than  the  range  of 
possible  differences  between  the  individual  elements,  and  that  in 
consequence  any  apparatus  capable  of  building  models  of  all  the 
different  possible  constellations  of  such  elements  must  be  of  an 
even  higher  order  of  complexity. 
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8.77.  An  apparatus  capable  of  building  within  itself  models  of 
different  constellations  of  elements  must  be  more  complex,  in  our 
sense,  than  any  particular  constellation  of  such  elements  of  which 
it  can  form  a  model,  because,  in  addition  to  showing  how  any  one 
of  these  elements  will  behave  in  a  particular  situation,  it  must  be 
capable  also  of  representing  how  any  one  of  these  elements  would 
behave  in  any  one  of  a  large  number  of  other  situations.  The  'new' 
result  of  the  particular  combination  of  elements  which  it  is  capable 
of  predicting  is  derived  from  its  capacity  of  predicting  the  be- 
haviour of  each  element  under  varying  conditions. 

8.78.  The  significance  of  these  abstract  considerations  will  be- 
come clearer  if  we  consider  as  illustrations  some  instances  in  which 
this  or  a  similar  principle  applies.  The  simplest  illustration  of  the 
kind  is  probably  provided  by  a  machine  designed  to  sort  out 
certain  objects  according  to  some  variable  property.  Such  a  ma- 
chine will  clearly  have  to  be  capable  of  indicating  (or  of  dif- 
ferentially responding  to)  a  greater  number  of  different  properties 
than  any  one  of  the  objects  to  be  sorted  will  possess.  If,  e.g.,  it  is 
designed  to  sort  out  objects  according  to  their  length,  any  one 
object  can  possess  only  one  length,  while  the  machine  must  be 
capable  of  a  different  response  to  many  different  lengths. 

8.79.  An  analogous  relationship,  which  makes  it  impossible  to 
work  out  on  any  calculating  machine  the  (finite)  number  of  dis- 
tinct operations  which  can  be  performed  with  it,  exists  between 
that  number  and  the  highest  result  which  the  machine  can  show. 
If  that  Hmit  were,  e.g.,  999,999,999,  there  will  already  be 
500,000,000  additions  of  two  different  figures  giving  999,999,999 
as  a  result,  499,999,999  pairs  of  different  figures  the  addition  of 
which  gives  999,999,998  as  a  result,  etc.  etc.,  and  therefore  a  very 
much  larger  number  of  different  additions  of  pairs  of  figures  only 
than  the  machine  can  show.  To  this  would  have  to  be  added  all 
additions  of  more  than  two  figures  and  all  the  different  instances  of 
the  other  operations  which  the  machine  can  perform.  The  number 
of  distinct  calculations  it  can  perform  therefore  will  be  clearly  of  a 
higher  order  of  magnitude  than  the  highest  figure  it  can  enumer- 
ate. 

8.80.  Applying  the  same  general  principle  to  the  human  brain  as 
an  apparatus  of  classification  it  would  appear  to  mean  that,  even 
though  we  may  understand  its  modus  operandi  in  general  terms,  or, 
in  other  words,  possess  an  explanation  of  the  principle  on  which 
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it  operates,  we  shall  never,  by  means  of  the  same  brain,  be  able  to 
arrive  at  a  detailed  explanation  of  its  working  in  particular  cir- 
cumstances, or  be  able  to  predict  what  the  results  of  its  operations 
will  be.  To  achieve  this  would  require  a  brain  of  a  higher  order  of 
complexity,  though  it  might  be  built  on  the  same  general  princi- 
ples. Such  a  brain  might  be  able  to  explain  what  happens  in  our 
brain,  but  it  would  in  turn  still  be  unable  fully  to  explain  its  own 
operations,  and  so  on. 

8.81.  The  impossibility  of  explaining  the  functioning  of  the 
human  brain  in  sufficient  detail  to  enable  us  to  substitute  a  de- 
scription in  physical  terms  for  a  description  in  terms  of  mental 
qualities,  applies  thus  only  in  so  far  as  the  human  brain  is  itself 
to  be  used  as  the  instrument  of  classification.  It  would  not  only 
not  apply  to  a  brain  built  on  the  same  principle  but  possessing  a 
higher  order  of  complexity,  but,  paradoxical  as  this  may  sound, 
it  also  does  not  exclude  the  logical  possibility  that  the  knowledge 
of  the  principle  on  which  the  brain  operates  might  enable  us  to 
build  a  machine  fully  reproducing  the  action  of  the  brain  and 
capable  of  predicting  how  the  brain  will  act  in  different  circum- 
stances. 

8.82.  Such  a  machine,  designed  by  the  human  mind  yet  capable 
of  'explaining'  what  the  mind  is  incapable  of  explaining  without 
its  help,  is  not  a  self-contradictory  conception  in  the  sense  in  which 
the  idea  of  the  mind  directly  explaining  its  own  operations  involves 
a  contradiction.  The  achievement  of  constructing  such  a  machine 
would  not  differ  in  principle  from  that  of  constructing  a  calculating 
machine  which  enables  us  to  solve  problems  which  have  not  been 
solved  before,  and  the  results  of  whose  operations  we  cannot, 
strictly  speaking,  predict  beyond  saying  that  they  will  be  in 
accord  with  the  principles  built  into  the  machine.  In  both  in- 
stances our  knowledge  merely  of  the  principle  on  which  the 
machine  operates  will  enable  us  to  bring  about  results  of  which, 
before  the  machine  produces  them,  we  know  only  that  they  will 
satisfy  certain  conditions. 

8.83.  It  might  appear  at  first  as  if  this  impossibility  of  a  full  ex- 
planation of  mental  processes  would  apply  only  to  the  mind  as  a 
whole,  and  not  to  particular  mental  processes,  a  full  explanation 
of  which  might  still  enable  us  to  substitute  for  the  description  of  a 
particular  mental  process  a  fully  equivalent  statement  about  a  set 
of  physical  events.  Such  a  complete  explanation  of  any  particular 
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mental  process  would,  if  it  were  possible,  of  course  be  something 
different  from,  and  something  more  far-reaching  than,  the  kind  of 
partial  explanation  which  we  have  called  'explanation  of  the 
principle.' 

8.84.  In  order  to  provide  a  full  explanation  of  even  one  parti- 
cular mental  process,  such  an  explanation  would  have  to  run 
entirely  in  physical  terms,  and  would  have  to  contain  no  references 
to  any  other  mental  events  which  were  not  also  at  the  same  time 
explained  in  physical  terms.  Such  a  possibility  is  ruled  out,  how- 
ever, by  the  fact,  that  the  mind  as  an  order  is  a  'whole'  in  the  strict 
sense  of  the  term:  the  distinct  character  of  mental  entities  and  of 
their  mode  of  operation  is  determined  by  their  relations  to  (or 
their  position  in  the  system  of)  all  other  mental  entities.  No  one  of 
them  can.  therefore,  be  explained  without  at  the  same  time  ex- 
plaining all  the  others,  or  the  whole  structure  of  relationships  de- 
termining their  character. 

8.85.  So  long  as  we  cannot  explain  the  mind  as  a  whole,  any 
attempt  to  explain  particular  mental  processes  must  therefore 
contain  references  to  other  mental  processes  and  will  thus  not 
achieve  a  full  reduction  to  a  description  in  physical  terms.  A  full 
translation  of  the  description  of  any  set  of  events  from  the  mental 
to  the  physical  language  would  thus  presuppose  knowledge  of  the 
complete  set  of  'rules  of  correspondence'^  by  which  the  two  lan- 
guages are  related,  or  a  complete  account  of  the  orders  prevailing 
in  the  two  worlds. 

8.86.  This  conclusion  may  be  expressed  differently  by  saying 
that  a  mental  process  could  be  identified  with  (or  'reduced  to')  a 
particular  physical  process  only  if  we  were  able  to  show  that  it 
occupies  in  the  whole  order  of  mental  events  a  position  which  is 
identical  with  the  position  which  the  physical  events  occupy  in  the 
physical  order  of  the  organism.  The  former  is  a  mental  process 
because  it  occupies  a  certain  position  in  the  whole  order  of  mental 
process  (i.e.,  because  of  the  manner  in  which  it  can  affect,  and  be 
affected  by,  other  mental  processes),  and  this  position  in  an  order 
can  be  explained  in  physical  terms  only  by  showing  how  an 
equivalent  order  can  be  built  up  from  physical  elements.  Only  if 
we  could  achieve  this  could  we  substitute  for  our  knowledge  of 
mental  events  a  statement  of  the  order  existing  in  a  particular  part 
of  the  physical  world. 

iR.  Margenau,  1950,  pp.  60,  69,  450. 
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7,     the    division  of  the  sciences  and  the 
'freedom  of  the  will' 

8.87.  The  conclusion  to  which  our  theory  leads  is  thus  that  to  us 
not  only  mind  as  a  whole  but  also  all  individual  mental  processes 
must  forever  remain  phenomena  of  a  special  kind  which,  although 
produced  by  the  same  principles  which  we  know  to  operate  in  the 
physical  world,  we  shall  never  be  able  fully  to  explain  in  terms  of 
physical  laws.  Those  whom  it  pleases  may  express  this  by  saying 
that  in  some  ultimate  sense  mental  phenomena  are  'nothing  but' 
physical  processes;  this,  however,  does  not  alter  the  fact  that  in 
discussing  mental  processes  we  will  never  be  able  to  dispense  with 
the  use  of  mental  terms,  and  that  we  shall  have  permanently  to  be 
content  with  a  practical  dualism,  a  dualism  based  not  on  any 
assertion  of  an  objective  difference  between  the  two  classes  of 
events,  but  on  the  demonstrable  limitations  of  the  powers  of  our 
own  mind  fully  to  comprehend  the  unitary  order  to  which  they 
belong. 

8.88.  From  the  fact  that  we  shall  never  be  able  to  achieve  more 
than  an  'explanation  of  the  principle'  by  which  the  order  of  mental 
events  is  determined,  it  also  follows  that  we  shall  never  achieve  a 
complete  'unification'  of  all  sciences  in  the  sense  that  all  pheno- 
mena of  which  it  treats  can  be  described  in  physical  terms.  ^  In  the 
study  of  human  action,  in  particular,  our  starting  point  will  always 
have  to  be  our  direct  knowledge  of  the  different  kinds  of  mental 
events,  which  to  us  must  remain  irreducible  entities. 

8.89.  The  permanent  cleavage  between  our  knowledge  of  the 
physical  world  and  our  knowledge  of  mental  events  goes  right 
through  what  is  commonly  regarded  as  the  one  subject  of  psycho- 
logy. Since  the  theoretical  psychology  which  has  been  sketched 
here  can  never  be  developed  to  the  point  at  which  it  would  enable 
us  to  substitute  for  the  description  of  particular  mental  events 
descriptions  in  terms  of  particular  physical  events,  and  since  it  has 

^The  term  'physical'  must  here  be  understood  in  the  strict  sense  in  which  it 
has  been  defined  in  the  first  chapter  and  not  be  confused  with  the  sense  in 
which  it  is  used,  e.g.,  by  O.  Neurath  or  R.  Carnap  when  they  speak  of  the 
'physical  language'.  In  our  sense  their  'physical  language',  since  it  refers  to  the 
phenomenal  or  sensory  qualities  of  the  objects,  is  not  'physical'  at  all.  Their 
use  of  this  term  rather  implies  a  metaphysical  belief  in  the  ultimate  'reality' 
and  constancy  of  the  phenomenal  world  for  which  there  is  little  justification. 
Cf.,  O.  Neurath,  1933,  and  R.  Carnap,  1934. 
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therefore  nothing  to  say  about  particular  kinds  of  mental  events, 
but  is  confined  to  describing  the  kind  of  physical  processes  by  which 
the  various  types  of  mental  processes  can  be  produced,  any  dis- 
cussion of  mental  events  which  is  to  get  beyond  such  a  mere 
'explanation  of  the  principle'  will  have  to  start  from  the  mental 
entities  which  we  know  from  direct  experience. 

8.90.  This  does  not  mean  that  we  may  not  be  able  in  a  different 
sense  to  'explain'  particular  mental  events:  it  merely  means  that 
the  type  of  explanation  at  which  we  aim  in  the  physical  sciences  is 
not  applicable  to  mental  events.  We  can  still  use  our  direct 
('introspective')  knowledge  of  mental  events  in  order  to  'under- 
stand,' and  in  some  measure  even  to  predict,  the  results  to  which 
mental  processes  will  lead  in  certain  conditions.  But  this  intro- 
spective psychology,  the  part  of  psychology  which  lies  on  the  other 
side  of  the  great  cleavage  which  divides  it  from  the  physical 
sciences,  will  always  have  to  take  our  direct  knowledge  of  the 
human  mind  for  its  starting  point.  It  will  derive  its  statements 
about  some  mental  processes  from  its  knowledge  about  other  men- 
tal processes,  but  it  will  never  be  able  to  bridge  the  gap  between 
the  realm  of  the  mental  and  the  realm  of  the  physical. 

8.91.  Such  a  verstehende  psychology,  which  starts  from  our  given 
knowledge  of  mental  processes,  will,  however,  never  be  able  to 
explain  why  we  must  think  thus  and  not  otherwise,  why  we  arrive 
at  particular  conclusions.  Such  an  explanation  would  presuppose 
a  knowledge  of  the  physical  conditions  under  which  we  would 
arrive  at  different  conclusions.  The  assertion  that  we  can  explain 
our  own  knowledge  involves  also  the  belief  that  we  can  at  any 
one  moment  of  time  both  act  on  some  knowledge  and  possess  some 
additional  knowledge  about  how  the  former  is  conditioned  and 
determined.  The  whole  idea  of  the  mind  explaining  itself  is  a 
logical  contradiction — nonsense  in  the  literal  meaning  of  the 
word — and  a  result  of  the  prejudice  that  we  must  be  able  to  deal 
with  mental  events  in  the  same  manner  as  we  deal  with  physical 
events.^ 

8.92.  In  particular,  it  would  appear  that  the  whole  aim  of  the 
discipHne  known  under  the  name  of  'sociology  of  knowledge' 
which  aims  at  explaining  why  people  as  a  result  of  particular 
material    circumstances    hold    particular    views    at    particular 

lOn  this  and  the  subject  of  the  next  paragraph  cf.,  F.  A.  Hayek,  1944,  pp. 
3 1  et  seq. 
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moments,  is  fundamentally  misconceived.  It  aims  at  precisely  that 
kind  of  specific  explanation  of  mental  phenomena  from  physical 
facts  wliich  we  have  tried  to  show  to  be  impossible.  All  we  can 
hope  to  do  in  this  field  is  to  aim  at  an  explanation  of  the  principle 
such  as  is  attempted  by  the  general  theory  of  knowledge  or 
epistemology. 

8.93.  It  may  be  noted  in  passing  that  these  considerations  also 
have  some  bearing  on  the  age-old  controversy  about  the  'freedom 
of  the  will'.  Even  though  we  may  know  the  general  principle  by 
which  all  human  action  is  causally  determined  by  physical  pro- 
cesses, this  would  not  mean  that  to  us  a  particular  human  action 
can  ever  be  recognizable  as  the  necessary  result  of  a  particular 
set  of  physical  circumstances.  To  us  human  decisions  must  always 
appear  as  the  result  of  the  whole  of  a  human  personaHty — that 
means  the  whole  of  a  person's  mind — which,  as  we  have  seen,  we 
cannot  reduce  to  something  else.  ^ 

8.94.  The  recognition  of  the  fact  that  for  our  understanding  of 
human  action  familiar  mental  entities  must  always  remain  the  last 
determinants  to  which  we  can  penetrate,  and  that  we  cannot  hope 
to  replace  them  by  physical  facts,  is,  of  course,  of  the  greatest  im- 
portance for  all  the  disciplines  which  aim  at  an  understanding  and 
interpretation  of  human  action.  It  means,  in  particular,  that  the 
devices  developed  by  the  natural  sciences  for  the  special  purpose 
of  replacing  a  description  of  the  world  in  sensory  or  phenomenal 
terms  by  one  in  physical  terms  lose  their  raison  d'etre  in  the  study 
of  intelligible  human  action.  This  applies  particularly  to  the 
endeavour  to  replace  all  qualitative  statements  by  quantitative 
expressions  or  by  descriptions  which  run  exclusively  in  terms  of 
explicit  relations. 2 

8.95.  The  impossibility  of  any  complete  'unification'  of  all  our 
scientific  knowledge  into  an  all-comprehensive  physical  science 
has  hardly  less  significance,  however,  for  our  understanding  of  the 
physical  world  than  it  has  for  our  study  of  the  consequences  of 
human  action.  We  have  seen  how  in  the  physical  sciences  the  aim 
lit  may  also  be  mentioned,  although  this  has  little  immediate  connexion  with 
our  main  subject,  that  since  the  word  'free'  has  been  formed  to  describe  a 
certain  subjective  experience  and  can  scarcely  be  defined  except  by  reference 
to  that  experience,  it  could  at  most  be  asserted  that  the  term  is  meaningless. 
But  this  would  make  any  denial  of  the  existence  of  free  will  as  meaningless  as 
its  assertion. 

^For  a  fuller  discussion  of  this  point  see  F.  A.  Hayek,  1942,  p.  290  ff. 


THE  SENSORY  ORDER 
is  to  build  models  of  the  connexions  of  the  events  in  the  external 
world  by  breaking  up  the  classes  known  to  us  as  sensory  qualities 
and  by  replacing  them  by  classes  explicitly  defined  by  the  rela- 
tions of  the  events  to  each  other;  also  how,  as  this  model  of  the 
physical  world  becomes  more  and  more  perfect,  its  application  to 
any  particular  phenomenon  in  the  sensory  world  becomes  more 
and  more  uncertain.  (8.17-8.26.) 

8.96.  A  definite  co-ordination  of  the  model  of  the  physical  world 
thus  constructed  with  the  picture  of  the  phenomenal  world  which 
our  senses  give  us  would  require  that  we  should  be  able  to  com- 
plete the  task  of  the  physical  sciences  by  an  operation  which  is  the 
converse  of  their  characteristic  procedure  (1.21):  we  should  have 
to  be  able  to  show  in  what  manner  the  different  parts  of  our  model 
of  the  physical  world  will  be  classified  by  our  mind.  In  other  words, 
a  complete  explanation  of  even  the  external  world  as  we  know  it 
would  presuppose  a  complete  explanation  of  the  working  of  our 
senses  and  our  mind.  If  the  latter  is  impossible,  we  shall  also  be 
unable  to  provide  a  full  explanation  of  the  phenomenal  world. 

8.97.  Such  a  completion  of  the  task  of  science,  which  would 
place  us  in  a  position  to  explain  in  detail  the  manner  in  which  our 
sensory  picture  of  the  external  world  represents  relations  existing 
between  the  parts  of  this  world,  would  mean  that  this  reproduc- 
tion of  the  world  would  have  to  include  a  reproduction  of  that 
reproduction  (or  a  model  of  the  model-object  relation)  which 
would  have  to  include  a  reproduction  of  that  reproduction  of  that 
reproduction,  and  so  on  ad  infinitum.  The  impossibility  of  fully 
explaining  any  picture  which  our  mind  forms  of  the  external 
world  therefore  also  means  that  it  is  impossible  ever  fully  to  ex- 
plain the  'phenomenal'  external  world.  The  very  conception  of 
such  a  completion  of  the  task  of  science  is  a  contradiction  in  terms. 
The  quest  of  science  is,  therefore,  by  its  nature  a  never-ending  task 
in  which  every  step  ahead  with  necessity  creates  new  problems. 

8.98.  Our  conclusion,  therefore,  must  be  that  to  us  mind  must 
remain  forever  a  realm  of  its  own  which  we  can  know  only 
through  directly  experiencing  it,  but  which  we  shall  never  be  able 
fully  to  explain  or  to  'reduce'  to  something  else.  Even  though  we 
may  know  that  mental  events  of  the  kind  which  we  experience 
can  be  produced  by  the  same  forces  which  operate  in  the  rest  of 
nature,  we  shall  never  be  able  to  say  which  are  the  particular 
physical  events  which  'correspond'  to  a  particular  mental  event. 
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Note 

While  there  would  be  little  point  in  adding  to  this  bibliography  the  titles  of 
the  various  relevant  American  and  English  works  which  have  appeared  since 
the  middle  of  1950,  when  the  final  text  of  the  present  book  was  com- 
pleted, I  should  like  to  draw  special  attention  to  the  full  account  of  some 
interesting  experiments  on  sensory  learning  (of  which  I  then  knew  only 
through  the  preliminary  accounts  in  T.  Erisman,  1948)  given  in: 
KoHLER,  Ivo,  1 95 1,  Ueber  Aufbau  und  Wandlungen  der  Wahrnehmungswelt.  Insbe- 
sondere  iiber  'bedingte  Empfindungen\  Oesterreichische  Akademie  der  Wissen- 
schaften,  Philosophisch-Historische  Klasse,  Sitzungsberichte ,  227/1,  i-i  18. 
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